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‘niy In conducting the research described in this report, the
g:: investigator(s) adhered to the "Guide for the Care and

: Use of Laboratory Animals'", prepared by the Committee
Hv Qs on Care and Use of Laboratory Animals of the Institute
B OA of Laboratory Animal Resources, National Research Council
v ) (DHEW Publication No. (NIH) 86-23, Revised 1985).

- The investigator(s) have abided by the National Institutes
h\f of Health Guidelines for Research Involving Recombinant
DNA Molecules (April 1982) and the Administrative Prac-
tices Supplements.
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SUMMARY

The molecular basis of infectivity, cytopathogenicity and
genomic activation of HIV-1 was investigated. Site directed
mutagenesis and restriction endonuclease cleavage followed by
Bal 31 digestion was used to generate deletion mutations in
sor, 3'orf, the 5' packaging region and LTR. The biological
activity of the mutations was assessed by transfecting the
mutants into permissive cells and examining the cells for
expression of viral antigens, reverse transcriptase, viral
particles, and infectivity. Analysis of these mutants to
date show that the sor gene is not absolutely required for HIV
virion formation but influences viral transmission in vitro
and is crucial for the generation of infectious virus.
Analysis of 3'orf activity indicated that deletions in the
amino terminus (which also results in truncation of the
carboxyl terminus of gp4l) result in significant reduction in
viral propagation/infectivity. Studies with the LTR sequence
have delineated an enhancer activity on Sp-1 binding site and
the tat response region (TAR).

Within the last two years several new retroviral isolates
have been obtained which exhibit a high degree of homology
with the human immunodeficlency virus type 1 (HIV-1). The
discoverey of a simian virus (STLV-IIIpgM) and a second class
of human retroviruses (HIV-2) which are highly related to
each other and distinctly related to HIV-1 has led researchers
to hypothesize that these viruses all diverged from a common
ancestor. Furthermore, these new viral isolates appear to
be non-pathogenice. 1In order to determine the differences that
exist between these viruses and HIV-1, we have generated lambda
phage clones of the integrated provirus for both STLV-I1I,gum
and HIV-2yxy1y. The nucleotide sequences of these genomic clones
have been determined and compared with HIV-1 and each other.
The deduced amino acid sequences have also been compared with
that of HIV-1. Structurally, these viral isolates are very
similar to HIV-1 except for a premature stop codon in the
envelope gene and an extra reading frame designated X. The
homology of the nucleic acid sequence between STLV-III and
HIV-1 is 557% overall, whereas, STLV-III and HIV-2,.,4 exhibit
an overall homology of 75%., This sequence data indicates that
these isolates do belong to the same group of retroviruses
as HIV~-1l. A comparison of the deduced amino acid sequence of
the genes encoded for in the provirus confirms a conservation
of the protein structure.
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BODY OF THE REPORT

A. DEVELOPMENT OF DEFECTIVE HIV PARTICLES

l. Statement of Problem

A major effort in the fight to stop the rapid spread of
AIDS has been devoted to the development of an effective
vaccine against the human immunodeficiency virus-1 (HIV-1),
the etiological agent of the disease. The classical ap-
proach, production of an attenuated virus vaccine, 1is not
appropriate in the case of HIV-1 due to the extremely high
lethality of the virus. ©Even very low levels of biological-
ly active virus may be capable of initiating productive
infection leading to the disease. Since the virus attacks Té
cells, which play a central role in regulating the immune
system, an effective immune response may not be launched in
time to prevent infection. Furthermore, the virus has the
capacity to reside for long periods of time in an integrated
form (provirus) in cells in the absence of detectable symptoms.
This latent virus may subsequently be activated to initiate
the disease. Even inactivated or killed virus may not be
suitable for vacclines since the viral genome can integrate
into that of the host cells and thereby transform thenm.

One approach that may still be availatle for production
of a viral vaccine would be to use recombinant DNA technology
to generate deletion mutants of HIV-]1 that are not infections
and can not produce cytopathic effects. Such deletions
should be made in genes which regulate virual replication
and cytopathogenicity but do not interrupt the viral structural
genes which would retain the antigenic characteristics of the
virus. A clear understanding of the molecular basis of
cytopathogenicity and regulation of infectivity is essential
in designing appropriate mutant viruses and to assure their
"safety", This information is also critical in designing
therapeutic protocols to block the devastating effect of the
virus on the immune system.

2. Background

The study of the molecular basis of HIV-1 infection has
been made possible by the establishment of an in vitro model
for AIDS in which the virus can be propagated in PHA-stimu-
lated lymphocytes or in a variety of lymphoid cell 1lines
(1). Further progress has been possible with the use of
molecularly cloned proviral DNA which could be transfected
into these cultured cells. This DNA can then direct the
synthesls of infectious virus particles which exhibit bio-
logical properties indistinguishable from virus obtained by
cocultivation of permissive cells with the peripheral blood
nononuclear cells of AIDS patients (2). The availability of
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a cloned genome and an in vitro system of cultivating virus
has permitted extensive analysis of the function of the viral
genome and the viral proteins for which it codes.

The HIV genome consists of a 9.7 kilobase RNA molecule,
in which eight genes have been identified to date. The three
structural genes, gag, pol, and env are common to all retro-
viruses and constitute the largest open reading frames of
the genome. In addition, the virus contains tat-III and
art/trs which represent regulatory genes for virus replica-
tion, and three genes of undefined function sor, 3' orf, and
R (3).

In the course of this contract, efforts have been concen-
trated on elucidating the function of the nonstructural
genes, particularly tat-I11, sor and 3' orf., Tat-II1 will
be discussed more fully in Section B of this report. The
sor gene (for short open reading frame) of HIV (also called
Q, P', Orf-1, and Orf A) lies between the pol and tat genes
overlapping at its 5' end with pol (4). It is an open
reading frame of 609 nucleotides in size and encodes a
protein of 23 Kd (5). This gene appears to be conserved
among all HIV isolates, in the distantly related SIV, and
in other retroviruses suggesting that this gene may be func-
tionally significant. Preliminary studies with sor deletion
mutants of HIV, however, suggested that it is not essential
for virus replication or cytopathic effects. Although small
reductions in infectivity were noted, the significance of
this observation was not well understood.

The 3' orf gene (for 3' open reading frame) has the
coding capacity of a protein of about 27 Kd and spans the
reglon between env and 3' LTR overlapping both genes.
Preliminary studies in Dr. Robert Gallo's lab with deletion
mutants in 3'orf suggested that this gene may be important
in virus induced cell killing.

A non cytopathic HTLV-III clone, designated X10-1, was
generated from the cytopathic genome of pHXB2D by removing a
200 base pair segment around the Xhol site in the 3' region
of the provirus. This deletion removed the coding capacity
of the last 5 amino acids of the transmembrane portion of the
envelope, together with the first 60 amino acids of 3' orf,
and shifted the remaining codons of this gene out of frame.
This clone generated replicating virus when transfected
into normal T-lymphocytes, and T-lymphoblastoid cell lines.
This virus Is no longer cytopathic for normal T-cells, and
does not kill ATHS5 cells which rapidly and reproducibly
succumb to HTLV-IIT mediated killing by conventional virus
isolates. Interestingly, clones which contain less extensive
deletions (55-109 base pairs), restricted to 3' orf, generate
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‘3{ virus which is extremely cytopathic. These data argue that

N cell killing may be mediated by the carboxy-portion of HTLV-III
A

( envelope or by the first 22 amino acids of 3' orf. Deletions
of the 3'orf gene may therefore be expected to lead to the

\f: production on non-cytopathic virus particles.
AT
ﬁ;: An alternative approach to producing viral particles
h\ o~ which are non replicating is to generate "packaging" defective
() mutants which do not encapsidate the RNA and therefore produce
140 only "empty" particles. Although much is known about retro-
vﬁ viral replication and the processing of gag, pol, and env

qﬂ products in infected cells, the precise mechanics of virus

-~ particle formation and the mechanism by which the viral

s genome is prefentially packaged into virions remains unclear.
e Presumably, out of the array of viral and cellular mRNA's,

' ribosomal, and transfer RNA's found in infected cells, this

j mechanism permits the virus assembly apparatus to select and
\: incorporate its own genomic viral RNA.
o

‘j Studies in the avian and murine retrovirus system have
‘. suggested that virus particle formation can occur in the

v absence of genomic RNA (7) and sequences that intervene
:ﬂ} at the 5' LTR and gag are crucial for virus specific packaging
" (8, 9, 10). Deletions in the sequences interviewing at 5'

S LTR and gag regions of HIV-1, therefore, may be expected to
}: give rise to "empty" (non-viral RNA containing particles, not
¢ containing viral RNA).
a
- 3. Rationale
B>, =_a--ong’e
l:; The specific goals of this portion of the contract are
i—j to produce defective HIV-1 particles which contain the viral
) structural proteins, but are non-infectious and non-

St cytopathic. To accomplish this, it is first necessary to
jay clearly define the biological activity of the non-structural

proteins and the role they play in Iinfectivity and cyto-
pathogenicity. One approach to the study of viral function
is to introduce specific mutations in a biologically active
virus genome, and examine the consequences of such alteration

KAANSL

o
&7 upon subsequent transfection into recipient cells. Specific
» deletions or alterations of the viral genome can be accom-
plished by site directed mutagenisis or by the combined
o actions of exo- and endo-nucleases.
#
": Three portions of the viral genome were selected for
N detailed study: the sor and the 3'orf reading frames and the
fﬁ: 5' end of the genome involved in packaging recognition.
J: As discussed in the Background section, mutations in sor may
j$\ be expected to generate particles which can replicate and
'I: induce cpe, but which have reduced infectivity. Deletions
6_ In the 5' end of gp4l are of special interest in this regard.
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Mutations in 3'orf may be expected to be defective in cell
killing. Finally packaging defective mutants may produce
"empty" particles incapable of replication or inducing cyto-
pathic effect. By introducing a series of mutations at
specific sites within these regions, the biological activity
of resulting clones can be subsequently determined in trans-
fected cells. Assays for replication, packaging, and cytopathic
effect in transfected cells need be designed to properly
characterize the nature of each mutation defect. Using this
type of strategy, it should be possible to precisely localize
the genetic sequence and function responsible for infectivity,
cytopathogenicity and packaging.

4, Experimental Methods

Sor Deletion Mutants - A series of sor mutants were gen-
erated from pHXB2gpt (l1) by removal of an EcoRI site in the
polylinker of the vector. Mutant S was prepared by removal

of the sequences between the Ndel and Ncol restriction sites
(nucleotides 4707 to 5259) and religation, additional mutants
were prepared by site specific mutations using oligonucleotide-
directed mutagenesis. These mutations introduced translational
stop codons at various points in the sor frame downstream of
the sor/pol overlap (Fig. 1). To construct these mutants

the EcoRI to EcoRI fragment (nucleotides 4230 to 5322) of the
HTLV-III genome of BH10 was subcloned into an MI3 phage
vector, and mutagenesis performed as described previously (12).
Sequences in this region of BH10 differ from those of HXB2

only at nucleotide position 4506 which results in a proline

to serine substitution in pol. Mutation 6.9 was introduced
using the 25-mer (GGATGAGGGCTTTCTTAGTGATGCT), :onverting

the tyrosine codon (TAT) at residue 55, into a stop codon
(TAA). 1In a similar approach was used to replace the serine
codon (TCA) at position 42 was replaced with a stop codon

(TAA) in clone 3.3, and to change the glutamine codon (GAA)

at residue 100 to a stop codon (TAA) in clone 153. Following
confirmation by DNA sequencing the mutated fragments were
subcloned into the original proviral clone.

3'orf Mutations — A series of deletion mutations in the 3'orf
region were constructed from pHXB2-D in collaboration with

Lee Ratner. Purified phage DNA was cut with Xhol and sub-
jected to Bal3l digestion. Aliquots were removed at various
times of digestion and religated to generate a series of
deletions mutations about the Xhol site (Fig. 2). Deletions
ranging in size from approximately 150-500 nucleotides and
extended into the gp4l region were selected for further

study.

Packaging Defective Mutants - Packaging defective mutants
were made by producing deletions in the region between the
5'LTR and gag coding sequences of the plasmid clone pHXB2gpt.
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This plasmid consists of a biologically active HTLV-III

genome combined with the E. coli xanthine guanine phosphono-
ribosyl phosphatase gene (gpt) and contains a unique BssHII site
in the sequences that intervene the 5' LTR and the beginning

of the gag gene. A series of deletion mutants about the

BssHII site were generated using the Bal 31 digestion-
regulation approach (Fig. 3). Mutants pHXB23 and pHXB21l

are deletions of 51 and 57 nucleotides in positions 224-227 and
224-283, respectively. Additional mutants were ohbhtained by
site directed mutagenesis. The mutant X10-125 {5 deleted of

9 nucleotides between positions 310-320. The mutant #293
contains deletions between 293 and 328. In all cases, the
splice donor site (position 287) is preserved.

Characterization of Deletion Mutants - Purified DNA from

the various deletion mutants produced as described above was
transfected into permissive human lymphoid cells (H9, Molt 4,
or PHA-stimulated blood mononuclear leukocytes) or to the
monkey kidney fibroblastoid line Cos-1 using the calcium
phosphate precipitation technique (13). In these experiments
10 ug of cesium chloride gradient purified plasmid DNA was
introduced into 1 x 106 cells. Since the plasmid clones
contain the gpt gene (which allow recipient cells to grow in
the presence of microphinolic acid), stably transfected cell
lines containing the transfected genomes could be selected by
growth in appropriate media (HAT). The transfected cultures
were monitored at approximately weekly intervals for the
appearance of HIV-1 gag and env by indirect immunofluorescence
with antibodies to pl7, p24, and gp4l. Expression of the
functional pol gene product was determined by reverse
transcriptase assay. The presence of viral particles was
examined by electron microscopy.

5. Results

Deletions of Sor

DNA from each of the sor deletion mutants was transfected
into permissive lymphoid cells (H9, Molt4 and PHA-stimulated
blood mononuclear leukocytes), and the transfected cultures
were monitored at approximately weekly intervals for HIV-1
expression. Molt 4 cells, normal T-cells or H9 cells trans-
fected with the deletion sor mutants consistently failed to
express virus as detected by immunofluorescence, reverse
transcriptase assays or electrcn microscopye. Southern blotting
analyses on these samples showed transient uptake of plasmid
DNA but no detectable proviral sequences in long-term cultures.
In contrast, cells transfected with pHXB2gpt reproducibly
and rapidly ylelded virus producing cells.

The ability of the sor mutants to produce virions was also
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:J{ exanined by performing a series of transfections using the
Wy SV40 transformed cell line Cos-1 as a target. These experi-
1 ments were aimed to amplify virus production by exploiting
the capacity of the Cos-1 cells to promcte episomal replica-
A tion of plasmids carrying the SV40 origin of replication
.}i (including plasmids derived from pHXB2gpt) in transient
S? assays. The transfected Cos-1 cells were then cocultivated
L with Molt 3 cells which are permissive for HIV-1 infection.
‘,_ As shown Iin Tabie 1, virus particles morphologically
:} similar to wild type were recovered from Cos-1 cell cultures
}E transfected with sor mutants 6.9, 3.3, 153, and S. The
W level of virus production (both extracellular and budding
o virions) and transactivation potential was indistinguishable
from that seen in pHXB2-gpt transfected cultures. However,
o supernatants ramoved from sor mutant cultures (containing
ﬁiJ cell free virus) failed to infect H9 cells in repeated attempts.
‘i; These results indicate that the sor gene of HIV is not critical
'iﬁ for the production of normal levels of morphologically intact
ol virus particles, but mutant viruses are limited in their
‘éL capacity to establish stable infection.
S0
D Virus derived from transfection of Cos-1 cells (OKT4-,
O African Green Monkey Cells) with sor mutant proviral DNA's,
-E{ was resistant to transmission to OKT&4+ 'susceptible' cells

under cell-free conditions, and was transmitted poorly by
coculture. In contrast, virus derived from clones with an
intact sor frame was readily propagated by either approach.

v

9

NG

N Normal amounts of gag, env and pol derived proteins were

:$ produced by all four mutant genomes and assays performed in
o both lymphoid and non-lymphoid cells indicated that their

y s v

trans-activating capacity was intact and comparable with wild
type. These data show that the sor gene, although not
absolutely required in HIV virion formation, influences virus

i

&; transmission in vitro and is crucial in the efficient
) generation of infectious virus. This data also suggest that
f}? sor influences virus replication at a novel, post-transla-
7§f tional stage and its action is independent of the regulatory
® genes tat and art/trs.
{ »
e Deletions in 3'orf
¢
‘ )
Vgt A total of 36 HIV-1 mutants with deletions in the 3°'
‘ region of the genome have been constructed and characterized.
9, Of these, clones 369, 468, 372 and 429 were generated by site
p’; directed mutagenesis, while the remainder were obtained by
e;' Bal 31 digestion at the Xhol site. The results of sequence
: W analysis across the deleted regions of these plasmid con-
{\ structs have now been completed and are summarized in Table 2.
] Briefly, these mutants fall into 4 categories; those with

A deletions solely within the 3'orf regions (clones 230, 330),
e
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clones with alterations in 3'orf and gp4l env (clones 329
through 362, Table 2) and clones with an additional altera-
tions in the neflghboring 3' regions (LTR and polypurine
tract clones 358-194) or 5' regions (tat-I1II and trs clones
360-327). The resulting alterations in the carboxyl end of
gp4l is indicated by the number of amino acids deleted and
the number of additional amino acids added in frame.

Analvsis of the biological properties of these HIV-1
mutants has been carried out at two levels. First, the
ability of mutant genomes to give rise to intact virus
particles with reverse transcriptase activity, was analysed
by transfecting each plasmid into Cos-1 cells and examining
the culture supernatant for virion production by EM and RT
assays. The data presented in Table 2 shows that all constructs
were replication competent except for those containing dele-
tions in the tat-III1 or trs genes (clones 306, 327), This is
consistent with previous reports that the tat and trs genes
are essential for virus replication. A second analysis was
carried out to determine the ability of env mutants to be
propagated in culture. This was done by co-culturing trans-
fected Cos~-1 cells with OKT4 positive recipient cells (either
Molt 3 or H9 cells). Although the analysis is only half
completed preliminary results suggest that: (1) relatively
small changes in the carboxyl region of gp4l env, diminish
the propagation/infectivity of virus; (2) these effects are
more markedly seen when Molt 3 cells are used as recipients
rather than H9 cells; and (3) deletions which enter the LTR
region results in virus which cannot be efficiently propagated.

Packaging Mutants

Studies of the biological properties of the packaging
mutants have not been completed. However, the initial analysis
has shown that clones pHXBZ3 and pHXBZ11 generate morpho-
logically normal virus particles upon transfection into the
Cos-1 cell line. Furthermore, these particles are infectious
(and therefore, presumably contain genomic RNA) and can
easily be transmitted to recipient OKT4+ cells. These data
argue that sequences between 224-283 are unlikely to be
important in the process of viral packaging. Mutant X10-125,
and other clones bearing more extensive deletlons downstream
of the splice donor are currently under study.

6. Discussion

Mutations in Sor

The studies described in this report have shown that
construction and analysis of deletion mutations 1is a very
powerful approach to elucidating gene function. We have
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&y. shown that removal or truncation of sor results in virus
M progeny that have a much reduced (>100-fold) capacity to
infect. Furthermore sor mutant viruses were transmitted
A less well under co-culture conditions (in which cell to cell
‘ix: transmission is likely to be important). Interestingly, the
;}} effects of truncating sor (in the case of mutants 3.3, 6.9,
:§3 153) were similar to its complete removal (in the case of
- mutant S) suggesting that the carboxy-terminal portion
f) of sor (downstream from residue 100) may include a function-
?u al domain. However, the possibility that sor is non-functional
W&g because it is deprived of critical elements in the carboxy-
o terminal of the protein (necessary for the correct folding or
o processing) 1is not excluded. Since the level of viral RNA,
ol proteins and viral particles produced by sor defective genomes
X could not be distinguished from that of wild type, we suspect
oy that sor exerts its effects at a post-translational level.
R This novel regulatory mechanism, mediated by sor, could
n;{ involve late events in virus maturation. These findings
;ﬁ substantiate the complex nature of the HIV genome, underscoring
yfu the sophisticated transcriptional, post-transcriptional and
® post-translational controls which operate to regulate virus
o expression in infected ceils. While the mechanism of how sor
j{‘ enhances virus propagation is not yet understood, several
o distinct mechanisms could be postulated and are currently
N being investigated. It is possible that sor is a structural
f* component of the virion particle which acts as a 'second

m—

envelope', required for efficient transmission. Since it is
difficult to detect sor in as large amounts as gpl20 and gp4l
(in either infected cells or virions) additional studies are
necessary to evaluate this likelihood. Alternatively, the
sor gene might be involved in stabilizing or processing
envelope so that assembly of infectious virus is increased,
or in potentiating the cellular environment in which viral
replication occurs.
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NN Mutation in 3'orf

oA

"

“ﬂ: Studies with deletions in the 3'orf gene have shown that

@ this gene is not essential for virus particle formation or
\ﬁ: reverse transcriptase activity. However, even small changes
K in the carboxyl region of gp4l env (which overlaps the 3'orf)
’gi greatly diminish viral infectivity., Thus virus produced in
f?, Cos-1 cells which amplify the gene expression, transmit
SVl poorly to HY9 cells and even less well or not at all to Molt 3
®. cells. The host cell itself plays a large role in this decrease
oy since these effects are more pronounced when Molt 3 cells are
‘*b used as reclipients rather than H9 cells.

A
Ny The cytopathic properties of the 3'orf mutants is currently
et being evaluated using the sensitive ATH8 cells or PHA stimulated
‘h normal T-cells as targets. Immunoprecipitation studies are
R
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irﬂ- also being performed to visualize the truncation-elongation
{3* of env derived gp4l, gpl20, and gplb60 (precursor) proteins,
" created by the mutations. Finally, the interactions of gpal
. and HLA class I molecules will be investigated to try and
% see whether the diminished propagation of gp4l mutants in
f&& Molt 3 cells might result from their failure to interact
w;} with class 1 determinants as has been suggested from studies
;“; by Fulvia Veronese {(Litton Bionetics) and collaborators
\ ) (diMarzo-Veronese, unpublished).
o,
lﬁ} Packaging Mutants
.QQ: The preliminary characterization of the 5' deletion
Do mutants of sequences between 223 and 284 have failed to
detect alterations in virus morphology or infectivity.
e Additional characterization of these mutants and of those
& containing more extensive deletions are currently in progress.
o The specific infectivity (infectious centers/ug) will be
:%ﬁ determined on Cos-1 cells. Transfections of various lymphoid
Q:k cells will be attempted to generate lines of infected cells.
.:} These stable cell 1lines, will be characterized in terms
.}J of viral protein expression (Western blotting, immuno-
'}ﬁ precipitation, and immunofluorescence), expression of viral
5 RNA species (Northern blotting) and the capacity to generate
L virion particles. To determine whether these particles
’ contain virus specific RNA (i.e. are correctly 'packaged'),
% Northern blotting of sucrose banded 'purified' virus particles
en will be attempted using a BH1O insert labeled with 32p a5 a
fx probe, and purified "wild type" virus as a positive control.
N The amount of viral RNA present per virion particle will be
f{} quantitated to verify whether 'empty' particles are in fact
:) produced.
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3 B. MOLECULAR STUDIES OF TAT-IT1I ACTIVITY
| 1. Statement of Problem

1"

'i The level of HIV gene expression in infected cells is
A subject to a complex set of virus encoded regulatory ele-
" ments. Infection by HIV-1 in vivo may be associated with

an asymptomatic interval frequently lasting from months to
years before the development of actual disease (14). Such
o a latent state of infection can also be duplicated in vitro,
: where HIV-1 infected CD4+ cell lines can be maintained for
long periods of time in the absence of detectable virus
production (15). ©Events that trigger the transition from
low level or latent infection to productive viral replica-
tion remain poorly defined. Immune activation of infected
T-cells can greatly stimulate HIV replication, apparently
through effects on the regulatory elements within the long
terminal repeat. An understanding of the mechanism of HIV-1
gene activation is essential for designing therapeutic
approaches to control the onset of the disease in HIV-1
antibody positive individuals. This information will also
have major implications in the design of 'safe' vaccines
in which the genome will not be subject to rapid activation.
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2. Background

{ Expression of the HIV-1 genome is tightly regulated by

v the activity of several viral genes and regulatory sequences.
The tat-TII gene located between the sor and env genes has
been reported to enhance transcription of genes linked to the
long terminal repeats LTR's in infected cells (tat response),
and presumably plays a central role in HIV-1 gene activation
(16). The gene is expressed as a 1.9-2.0 kb mRNA generated
by two splicing events and has many similarities to the
corresponding tat gene in HTLV-I and HTLV-II (17). However,
whereas the tat I and II proteins are reported to enhance
transcription, the tat III gene product was shown to enhance
expression of protein at a posttranscriptional level (18).
Another gene designated art or trs, possibly expressed from
the same mRNA which encodes the tat-III gene, also regulates
HTLV-II1 virus expression posttranscriptionally, most likely
by regulating of the accumulation of genomic and spliced
viral mRNA (19).
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The level of gene expression has been reported to be
dependent on functional elements within the LTR sequence of
the virus, including; (1) a negative regulatory element (NRE),
(ii) an enhancer upstream of the promoter or TATA box, and
(iii) tat response reglon downstream of the promoter at =17
to +80 (20). The tat response region allows greatly increased
expression of linked genes in HTLV-III infected cells relative
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to uninfected cells even if placed in a similar position
downstream of heterologous promoters (20). The HTLV-III-LTR
was also reported to contain three Spl binding sites as
demonstrated by point mutagenesis and protection experiments
(21). However, the functional discrimination of these sites
was only partially dissected. The HIV-1 LTR contains both
cis and trans regulating elements which have not been pre-
cisely localized. Much work remains to be carried out iIn
defining the function of the regulatory elements and their
interactions with the viral gennme.

3. Rationale

A series of deletions within the HTLV-III LTR was intro-
duced to localize the cis acting elements upstream of the
promoter within U3 and to localize the trans acting response
sequences in the R region. To study the resulting LTR funec-
tion of these alterations, these constructs were linked to
the chloramphenicol acetyl transferase gene (CAT) for assay
by transfection into HTLV-III infected and uninfected cells.
The location of cis acting regulatory elements could then be
deduced from the analysis of deletion clones in LTR which
fail to produce a CAT expression. Trans acting regulatory
elements can be identified by co-transfection of LTR-CAT with
other plasmid constructs not linked to CAT but containing
deletions in LTR, tat or art/trs.

4. Experimental Methods

Plasmid Clones

Plasmid pSVOCAT, pSV2CAT, and RSVCAT were obtained from
Dr. B. Howard (22). Clone pCl5CAT was constructed by blunt
ending the Pst I c¢DNA insert of clone pCl5 (17) with T4
DNA polymerase and the four NTPs (Fig. 4). Hind III linkers
were added and the resulting fragment was cloned into the
Hind III site of pSVO. DNA sequence analysis confirmed that
the entire 3' region of the Cl5¢cDNA insert was present in
C15CAT including the poly A tail. VHHCAT was constructed by
cloning the most 3' Hind II1 fragment of the HXB2 provirus
(24) into the Hind II1 site of PSVO,

Synthetic Oligonucleotides

Oligonucleotides were kindly synthesized by L. lee of
Program Resources Inc., Frederick, MD.

Construction of 3' deletion Mutants

The clone -117 (Fig. 4) was cleaved with either Bgl
II 4+ Sst I to create -117 BS or Sst I for =-117 S. The DNAs
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were blunt ended as described above then self ligated and
transfected into the bacterial strain HB10Ol (BRL). Clone
-117 +56 was created by ligating an Sst I to Hind III
synthetic oligonucleotide fragment containing the sequences
+39 -0 +56 from the CAP site into the Sst I and Hind III
sites of clone -117,.

CAT Assays
CAT assays were performed as described previously (24).

DNA Sequence analyses

The 5' deletion clones were cleaved with Xba I. The 5°
Xba I ends were labeled in a reaction with T4 polynucleotide
kinase and 32P-ATP (7000 Ci/mmole, New England Nuclear) and
then cleaved with Hind ITII. The Xba I to Hind III fragments
were purified from 6% acrylamide gels and sequenced by the
Maxam—-Gilbert method. The ~65E and -48E clones are cleaved
with Bgl II, 5' end labeled as above and then cleaved with
Hae II. The Bgl I1 to Hae II fragments of each were purified
as above and then sequenced by the Maxam-Gilbert method (25).

S, Results

LTR-directed expression in infected and uninfected cells

The 5' deletion clones (Fig. 5) were transfected into
H9 cells or H9/III cells and CAT assays performed on the
cell lysates within 40-48 hours post transfection. The
results of the assays are shown for each clone in Fig. 5.
The first column shows values for H9 cells and the second
column shows the results in H9/II1 cells. The much increased
level of CAT activity in infected cells is apparent from
the reaction condfttions. The RSVCAT plasmid (values in
parenthesis) served as a positive control in these experiments
for both transfection efficiency and CAT expression. The
values for infected cells show >1000 fold activity as opposed
to uninfected cells for clones containing complete LTRs.

Deletions to position -117 showed no significant dif-
ferences (<2 fold variation) from CD12CAT in either infected
or uninfected cells. However, the activity of clone -103
activity in uninfected cells was reduced by a factor of 4-9
fold while values for infected cells did not significantly
change., Further deletions to -65 and -48 resulted in loss
of activity in uninfected cells and either partial or complete
loss of activity in infected cells respectively.
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Lack of a Negative Regulatory Element

Negative regulatory element were not detected in the
U3 region in this study in contrast to previous studies (19).
The reasons for this are unclear. The 6 fold suppression
of activation reported would still allow greater than 1000
fold activity in HTLV-III infected cells relative to
uninfected cells reflecting in our opinien a minor role
for this element even if it existed.

Localization of enhancer elements

The loss of activity Iin uninfected cells upon deletion
of sequences between -103 and -65 suggested that an enhancer
element might be located within this region. To test this
hypothesis, an oligonucleotide spanning -104 to -80 was
synthesized with Xba 1 compatible ends and cloned into the
Xba 1 site of -65 and -48. The resulting clones were assayed
for functional restoration. The results of the CAT analyses
of these clones are shown in Table 3. Clone -65E2 contained
the sequences in the 5' to 3' orientation while clone ~65ES5
contained the reversed orientation. The direct repeats were
inserted ahead of -48 in the 5' to 3' orientation in clones
~48E9 and -48E1l4 and in the 3' to 5' orientation in clone
~-48E8. DNA sequencing confirmed that the clones contained
the entire -105 to -80 reglon except -48E1l4 which is missing
base pair -80.

In all, plasmids ~-65E2 and -65E5 were positive within
or above the range seen for the fully active LTR sequences
of CDL2 while -65 (data not shown) and the clones -48ES8,
-48E9 and -48El4 were approximately 10 fold less active.
Since the activities seen with these clones did not depend on
the orientation of the inserts the direct repeat region has
the property of the enhancer.

The tat response region (TAR)

Previous studies have shown that heterologous promoter
and enhancer sequences could be placed upstream of the -17
to +80 region of the HTLV-III-LTR and be activated 1000 fold
(19). We have made further deletions in this region to
more preclsely define the elements which are responsible for
the transactivation phenomenon. For this we used the tat
responsive clone, -117, to construct a deletion from the
Bgl IT site at +20 to the Sst I site at +38., The clone,
-117 BS, lacked tat responsiveness but displayed normal
levels of expression in H9 cells as shown in Table 3. Thus
sequences intermediate of Bgl II and Sst I were indispensable
for tat response. Furthermore a deletion of four base pairs
of the Sst 1 site GAGCTC at +34 was also made. This clone,
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-117 S, had no tat response when transfected into H9/III
cells (Table 3). Identical results were obtained when clones
=117 BS or -117 S were transfected into nonlymphoid COS-1!
cells.

To further delimit the region necessary for tat response
shown here to extend downstream of base pair +38, a 17 base
pair oligonucleotide of sequences from +39 to +55 with 5'

Sst I ard 3' Hind III insertible ends was synthesized and
cloned into the Sst I (+38) and Hind TIII (+79) +55. The
resulting clone, -117 +56H was restored for tat response
(data not shown). Inspection of the sequences in the region
of the Bgl I1 and Sst I sites for significant features
revealed an inverted repeat sequence of 11 and 10 base pairs
at positions +12 and +40., An 8 bp directly repeated sequence
(CTCTCTGG) was also present at +5 and +37, Simply preserving
the inverted repeat sequences as in -117 BS was not sufficient
for maintaining tat responsiveness. The larger stem loop
structure may be important because of the spacing between the
inverted repeat. On the other hand, the second CTCTCTGG
sequence was disrupted in both -117 S and -117 BS and it is
possible that this sequence may be important for tat response.

6. Discussion

The experiments described here have identified an enhancer
element of 26 base pairs within the HIV-LTR. This enhancer
is localized at position -105 to ~80 from the CAP site. Since
the activities seen with the clones Iin this region did not
depend on the orientation of the inserts, the direct repeat ‘
region has the property of the enhancer. A perfect homology
of the 10 base pair direct repeat was found in the SV40 72
base pair enhancer region Iin the sense of the late mRNA and
in the 18 base pair repeated motif present in the cytomegalo-
virus major immediate early gene promoter (26). Since the
corresponding region of HTLV-III is biologically active,
these elements may have a similar biological role in the regula-
tion of cytomegalovirus and SV40 expression as well. ONur
analyses show that deletion of the first G of the enhancer 1is
not critical since clone ~103 is active. Mutational analyses j
of the homologous sequences in SV40 showed that the last
cytosine residue is critical for SV40 enhancer function. It
will be of Interest to check similar mutations in HTLV-ITI
for activity.

The presence of sequences at -65 were found to be crucial
for high level activity along with the enhancer. Sequences
within the region are known to bind the anuclear factor Sp-1l.
The presence of viral encoded potentiators in the H9/III
cell system (ie the tat III protein) may provide a powerful
means of measuring very subtle changes in low level trans-
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criptional activity (see below). Alternatively, tat III
activation may include an interaction with Spl or its

target sequence. These possibilities are being investigated

in cell free transcription systems and DNA binding experiments.
We conclude that the major regulatory elements involved in

the region upstream from the HTLV-III promoter consist of

an enhancer region from -104 to -80 which acts cooperatively
with the Spl binding site at -65, site 11,

The reglon downstream of the promoter, the TAR or trans-
acting response region is necessary for elevated levels of
CAT expression in HIV infected cells relative to that in
uninfected cells. The TAR region had been previously
mapped to position -17 to +80, but the experiments described
here indicate that sequences downstream of +49 a-e not
essential for tat response.

It has been demonstrated recently that a major effect
of tat activation occurs post transcriptionally (18). We
report that any structural feature in the HTLV-III mRNA
which would play a role in tat response would have to be
located upstream of +55. It is conceivable that the tat
protein or cellular factors induced by the virus could bind
to such a structure and facilitate post transcriptional
enhancement of expression.
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c. MOLECULAR STUDIES OF STLV-IIIsgy (SIV) AND OTHER RELATED
RETROVIRUSES

1. Statement of Problem

Acquired Immune Deficiency Syndrome (AIDS) is caused by
infection with the human retrovirus called human T-Cell
lymphotropic virus type III (HTLV-III) or human immuno-
deficiency virus (HIV-1). Epidemiological studies indicate
that the virus originated in Africa. The discovery of a
retrovirus distantly related to HIV which infects a major
population of African Green Monkeys has led to the hypothesis
that the simian virus (SIV) may be the ancestor of HIV or
that the two viruses might share a common ancestor. Although
SIV is apparently non-pathogenic in African Green Monkeys, it
preferentially infects and kills OKT4+ lymphocytes in vitro
in the same manner as HIV-1 and it can induce an AIDS-like
disorder in captive macaques. A fourth human retrovirus has
been isolated independently from West African patients by
several laboratory groups. This virus, designated HIV-2
demonstrated a close relationship to SIV and a distant rela-
tionship to HIV-1. This virus 1s tropic but non-ecytopathic
for OKT4+ lymphocytes in vitro and is reportedly non-pathogenic
in vivo.

Several distinct proviral clones of HIV-1 have been shown
to be infectious and cytopathic. The nucleotide sequence of
several of these HIV-1 isolates have been determined. Analysis
of the DNA sequence showed the exlstence of at least eight
genes: gag, pol, env, sor, 3' orf, R, art/trs and tat-3. It
is imperative that the structure and function of each of
these genes and their products be defined. In order to
understand the evolution and function of the HIV virus, the
molecular structure and functional regions of the new viral
isolates STLV-1IIpgy (SIV) and HIV-2 must be determined. Since
SIV and HIV-2 viruses have been shown to be serologically
cross-reactive with some HIV-1l proteins, they offer valuable
comparative models for HIV-1 pathogenesis with direct implica-
tions in the development of therapeutic and vaccine reagents.

2. Background

Since 1981, when the first cases of the acquired immuno-
deficiency syndrome (AIDS) were reported (27), two new groups
of human retroviruses have been discovered and characterized.
The first, HIV~-1 (28, 29, 30), is prevalent in AIDS cases
worldwide and seem to be the primary cause of the severe
T-cell depletion observed in patients with AIDS. The existence
of the second group of human retroviruses was first shown by
a serological study of a healthy West African population
using as target antigens the proteins of a retrovirus dis-
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covered in African Green Monkeys (STLVIIIpgm) by the sero-
logical cross-reactivity of its major core protein with that

of HIV-1 (31). Several viral isolates have been obtained

from the peripheral blood of infected people and designated
HTLV-1IV (32). Simultaneously, a group of West African patients
with frank AIDS, were found to be infected with a virus

related to STLV-III (33,34) but not to HIV-l. A third group
(35) reported the isolation from a West African patient of a
new retrovirus which was closely related to STLV-III,gy but
distantly related to HIV-l. This virus was designated as
SBL6669 and is a member of the HIV-2 group of human retroviruses.

All of these new viruses are immunologically related; where-
as, they are only distantly related to HIV-1l. 1Like HIV=-1 (36,
37), they appear to use the CD4 molecule as a receptor on the
cellular membrane (31,32,33). Direct experimental evidence,
though, has been provided only for STLV-III,gM (38). We have
performed molecular analysis of several of these human and non-
human primate retroviruses and have found them to be closely
related. SLTV-IIIagmy is essentially identical to some of the
HTLV-1IV isolates (38,39,40); whereas, extensive polymorphism has
been demonstrated among other HTLV-IV (B. Hahn and G. Shaw,
personal communication) and HIV-2 isolates (34,41). The
inferred amino acid sequence of the proteins of STLV-ITIpgMm
(41,42) exhibits an overall 40% amino acid homology with HIV-1.
The HIV-2 isolate (43) is as distant from HIV-1 (42%) by
amino acid sequence homology as STLV-1I1l1pgom. Conversely,
HIV-2,.,4 shares a much closer (72%) amino acid homology with
STLV-IIIpgyM (44) indicating that STLV-IIIagM is a member of
the HIV-2 group.

3. Rationale

What 1s not currently clear is the degree and manner of
divergence among various HIV-2 isolates. This is a critical
issue since the pathogenic potential of these viruses is
currently being debated. In order to investigate the rela-
tionship among different HIV-2 isolates we have molecularly
cloned SIV and a member of the HIV-2 group. The nucleic acid
sequence of SIV and HIV-2y1y-z has been obtained and compared
with HIV-2,,4, HIV-1l, and the ungulate retroviruses Visna and
EIAV. A comparison of the nucleotide and amino acid sequences
of the new viral isolates with each other, HIV-1 and other
retroviruses should help to determine the evolution of HIV
and will aide in the investigation of the biological proper-
ties of this group of retroviruses.
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4, Experimental Methods

Cloning of Proviral DNA

High molecular weight DNA was obtained from the HIV-2yruy_»
infected cell line HUT 78 and partially cleaved with BamHl.
Different fragments of DNA were size selected on a sucrose
gradient and the DNA fraction containing 20 Kb fragments was
purified by ethanol precipitation. The DNA was ligated into
the arms of EMBL-3 vector, previously cleaved with BamH! and
the ligated DNA was packaged in vitro. The recombinant
phages were plated and screened using as a probe the SS35 and
Bl16 plasmids containing the env and gag sequences of
STLV-III,0M, respectively (41).

The proviral DNA of STLV-I1Iagm was obtained from a genomic
library constructed from the DNA of the infected cell 1line
K6W using the lambda phage vector EMBL-3. Nine clones con-
taining various overlapping portions of the STLV-III,gM
genome were purified and characterized by restriction endo-
nuclease analysis. Five of them were used to generate viral
DNA fragments for subcloning in appropriate vectors. Standard
DNA cloning methods were used as in Maniatis et al., 1981 (45),

DNA Sequencing

DNA restriction fragments of the provirus were removed
from the genomic phage clones and were subcloned into the
appropriate enzyme sites of the plasmid vector Bluescribe.
Other subclones were generated by inserting DNA restriction
enzyme fragments of HIV-2y1g-z and STLV-TIIIpgM into MI3
bacteriophages, mp8 and mp?9. The DNA sequence was obtained
by the dideoxy chain termination procedure (46) using synthetic
primers and both the Klenow fragment of E. coli polymerase
and the T7 DNA polymerase on single and double stranded DNA.
Approximately 3 KB of the HIV-2yyg-z proviral DNA was also
sequenced by the chemical degradation method of Maxam and
Gilbert (25). The nucleotide sequence was organized with the
help of the computer program Microgen (47),

5. Results

a. Genetic Analysis of STLV-TIII,gy _(S1IV)

The endonuclease restriction map of the STLV-IIIpgy pro-
virus derived from overlapping phage clones 1s deplicted in
the lower part of Figure 6. The DNA sequence of the entire
provirus was obtained by the dideoxy chain termination method
and primer extension using both single stranded and double
stranded template DNA (46)., The complete sequence of the
STLV-I1TpgM provirus, derived by combining the DNA sequence of




the lambda phage clones, is presented in Figure 2 and is
numbered from the 5' boundary of the R region of the upstream
LTR tn the 3' end of the R region of the downstream LTR. The
overall homology at the nucleotide sequence level between
STLV-TIIagm and HIV-1 is 55%.

Long Terminal Repeat (LTR)

The STLV-IIIagmy LTR is 8900 base pairs long. To define the
boundaries of the LTRs, we compared the junction sequence of
the U3-cellular sequence of the 5' LTR and the U3-3'- orf
sequence at the 3' end of the virus. Similarly, the end of
the US was identified by comparing the sequence of the 3'
viral-cellular junction and the 5' LTR-gag junction. The
boundaries of the R region with respect to the U3 and US were
determined by comparison with the HIV-1l LTRs, (48) and the
sequence of several STLV-IIIagyq cDNA clones (Colombini-Hatch
et al., personal communication). The sizes of the U3, R and
U5 are 498, 176 and 126 base pairs, respectively. The sequence
TATAA, found 25 nucleotides upstream from the start of trans-
cription in manyv eukaryotic genes, is located in the U3 at
position -25 from the presumed boundary of the U3 and R
regions. The consenus sequence, AATAAA, which signals the
addition of the polyadenylate tail, is located at position
152 to position 157,

The primer binding site (PBS), located downstream from
the U5 of the S'LTR, is complementary to the same isoaccepting
form of transfer RNA (tRNAlys3) as the PBS of HTLV-IIIB and
other HIV-]l strains (48), Surprisingly, in view of the close
relatedness of these viruses, the STLV-IIIpgM LTR is much
longer than the HIV-1 LTR (800 versus 634 base pairs). The
STLV-IIIpgy and HIV-2,.,4 LTRs are closer in size to the HTLV-I
(49) and HTLV-II LTRs, and are much larger than the LTRs of
the ungulate lentiviruses. The greater size of the STLV-IITpqy
LTR as well as the HIV-2 LTR relative to that of HIV-1 i{s due
to the presence of several regions in the STLV-IIIpgy of
sequences not found in the HIV-1 LTR.

The gag and pol genes

Retroviral core proteins are derived from the proteolytic
cleavage of a polypeptide precursor encoded by an open reading
frame at the 5' end of the genome. The first large open

0. reading frame in the STLV-IT1IpgM genome starts at nucleotide

gﬁg 539 (Figure 7) and could encode 506 amino acids. The length

R: of the gag precursor polypeptide reported for different HIV-1l
t:a strains varies between 500 and 512 amino acids. Alignment of
VN? STLV=11Ipagy and HTLV-IIIB amino acid sequences suggests that

k“ its pl7 homology contains 135 amino acids and is likely

2
. 5.

generated by cleavage between Tyr and Pro at position 941-946,
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Proline is the first amino acid at the N-terminus of HIV-]
p24, the p26 of the ungulate lentiviruses EIAV and Visna, the
HTLV-I p24, and the HIV-2,.,4 p26, and is therefore very
likely to occur at the same position in the STLV-IIIpgmy p24.
The overall homology of the gag precursors of STLV-TIIIpgm to
those of HTLV-IIIB and HIV-2_.,4 is 51% and 827 respectively
(see Table 4). The highest amino acid identity can be found
between the major core proteins of STLV-IIIpgy and HTLV-IIIB
(667%) and HIV-2_,4 (88%). These data are consistent with

the strong cross reactivity of these proteins Iin radioimmune
assays and Western Blots. A comparison of the amino acid
sequences of the major core protein of the lentiviruses
equine infectious anemia virus (EIAV) and visna with the
STLV-I1Iagm and HIV~1 gag proteins shows a significantly higher
homology of EIAV to STLV-IIIpgy (297%) and HIV-1 (29%), than
of visna to STLV-IIIpgy (20%) or HIV-1l (197%).

At the carboxy terminus of the HTLV-IIIB gag precursor,
two repeated sequences have been described. The first, an
imperfect repeat encoding 12 amino acids, is also present in
the STLV-IIIpgM genome (Figure 7), as well as in the HIV-2_.,
genome at positions 1605-1641 and 1667-1703, suggesting that
this sequence duplication must have occurred long ago in a
common ancestor of these three viruses. The second, present
in HTLV-IIIB, is a perfect repeat that also encodes 12 amino
acids (4), and is absent in the STLV-III,5y4 genome. The fact
that this repeat in HTLV-IIIB is perfect and that some other
HIV-1 isolates as well as STLV~ITIIpgm lack it, strongly suggests
that the duplication in the HTLV-IIIB genome must have occurred
relatively recently. Interestingly, an imperfect direct
repeat of 18 amino acids can be detected in the HIV-2_.4
genome, indicating that the border between the gag and the
pol open reading frame may be particularly prone to duplica-
tions. We have observed similar duplications in the genome
of other HIV-] isolates (unpublished results).

The second large open reading frame in the STLV-ITIT,guM
genome spans from nucleotides 1714 to 4875, has a coding
potential of 1053 amino acids, and overlaps the gag gene by
342 bases (Figure 7). We assume that either a splicing or a
frameshift event in this area of overlaps results in the
translation of the pol gene. By analogy with HIV-1 and other
retroviruses, this open reading frame should contain the
genetic information for protease, reverse transcriptase and
endonuclease proteins. In HTLV-IIIB, the pol region encodes
1003 amino acids and also extensively overlaps the gag reading
frame. The amino terminus of the HTLV-ITIB reverse trans-
criptase, beginning with a Pro-Ile, has been identified by
amino acld sequencing of the purified p66/p51 viral enzyme
(50). A perfect alignment can be found between the amino
termini of the HTLV-IIIB and HIV-2,.,4 reverse transcriptase and
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the inferred amino acid sequence of the STLV-IIIpgM4 RT gene.
Thus, it is likely that the Pro-Ile in position 2326-2331
represents the first two amino acids of the STLV-IITIpagm

reverse transcriptase. The overall amino acid homology of

the reverse transcriptase of STLV-IIIpgyM versus HTLV-IIIB and
HIV-2,.,4 is 53% and 767% respectively (see Table 4). The amino
acid sequence upstream from the beginning of the reverse trans-
criptase 1is also well conserved between HTLV-IIIB and STLV-IIIpgum
and is probably the region which encodes for the protease protein.
A comparison of the amino acid sequences of that region among
HTLV-IIIB, EIAV and visna virus leads to the conclusion that

in these viruses the protease is encoded within the same open
reading frame that codes for the reverse transcriptase gene.

The high degree of relatedness of the STLV-IITp,4gMq amino acid
sequence in this region with that of HIV-2,., 4 (88%), HTLV-ITIB
(49%), EIAV (37%), and visna virus (30%) allows a more precise
localization of the presumed cleavage site (Leu-Pro) between
protease and reverse transcriptase genes.

Open Reading Frames in the Middle of the Genome

Three open reading frames have been identified in the
middle portion of the STLV-IIIpgM genome. The first sor, (also
referred to as Q), overlaps by 97 nucleotides with the end of
the pol gene and could encode for a 225 amino acid protein.

A potential methionine initiation codon is present 12 amino
acid downstream from the beginning. This protein shares 247%
amino acid homology with the sor gene of HTLV-IIIB and other
HIV-1 strains. Since sor appears to be very well conserved
among the various HIV-1 isolates and since STLV-IIIpgv and
all HIV-1 isolates so far analyzed are, in general, closely
related, the percentage of homology of the STLV-IIIpgm sor
protein with that of HTLV-IIIB is surprisingly low. However,
the amino acid hydropathy profile of the simian and human
viral proteins is very similar (data not shown). A higher
homology of 64% can be found between the sor (Q) of HIV-2_.4

) and STLV-IIIL,
o
- The second short open reading frame overlaps with sor by
N 171 bases and with the amino terminus of the env gene by 21
“?- bases and spans from position 5277 and 5723. It could encode
Qﬁ 149 amino acids and has a possible intiation codon at
AN position 2 (Figure 8). The first 60 amino acids share high
HEN homology with the X open reading frame described in the
9. HIV-2,.,4 genome (43). The last part of the sequence shares
- considerable homology (40%) with the second exon of the
oA transactivator gene (tat-3) of HTLV-II1 which includes the
Vﬁj functionally important domains of the tat-3 protein. The
";: amino acids conserved between the STLV-IIIagy tat-3 and the
s HTLV-IIIB tat-3 are indicated by asterisks in the lower part
. of Figure 8. A comparison of thils portion of the STLV-IITguM
s
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genome with the published HIV-2,.,4 sequence indicated that

the STLV-IIIagMm genome obtained from the K6W cell line is
lacking 350 nucleotides in the middle region. The deletion,

as it is schematically represented in Figure 8 includes part

of the X region, most of the R gene and the first 14 amino

acids at the amino terminus of the tat—-3 protein. Hybridization
of an oligomeric probe for this deleted region to the cellular
DNA from which these clones were derived indicated that these
sequences were also absent in the majority of the proviruses

in the infected cells. This suggests that STLV~-III may have

a propensity for deletion of regions from the central area of
the genome. Since we have not shown these clones to be
biologically active, we cannot say whether or not such deletions
would result in the loss of biologlical activity.

The third open reading frame (5774-5987) encodes for 71
amino acids and has a potential initiating methionine in posi-
tion 3 (Figure 8). This open reading frame overlaps completely
with the coding region for the amino terminus of the large
envelope protein gpl20.

Conserved domains in the envelope of STLV-IIIagm, HIV-1 and
HIV-2

The largest open reading frame in the 3' region of the
STLV-I1IagM genome corresponds to the gene encoding the
envelope protein. The first residue is at position 5702 and
the probable initiating methionine codon 1is located 10 amino
acids downstream. The env gene probably extends to a termi-
nation codon at base 8372-8374, and could encode a peptide of
881 amino acids. There is also a termination codon at base
7934, Based on protein alignments with the HTLV-IIIB env
gene, this termination codon is located in the transmembrane
portion of the envelope gene immediately prior to the splice
acceptor site in the third exon of tat-3 mRNA. Interestingly,
the homology between STLV-IIIpgy and HTLV-IIIB decreases con-
siderably after the termination codon at position 7934 of the
STLV-11IaGgM genome, implying that these sequences may not be
important for viral replication. We have observed the termi-
nation codon at 7934 in several independent STLV-III,gM
clones and the same termination codon is present in a bio-
logically active HTLV-1IV clone (38). It is possible that {its
presence has biological significance in the pathogenesis of
STLV-III infection in vivo. Furthermore, although the presence
of a termination codon is not reported in the published
sequence of HIV-2..,4, it appears to be present also in some
HIV-2,.,4 clones in the same position (Alizon, M., personal com-
munication). Comparative analysis of the envelope proteins
of STLV-ITI1 and HIV-2_.,4 indicated that 707 of the
amino acids are identical in both the extracellular and the
transmembrane portion of the protein. Higher amino acid
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homology can be found between the cleavage site and the
termination codon (82%) than at the carboxy terminus of the
envelope open reading frame (547). It has been previously
shown that deletion of part of the carboxy terminus leads to
a reduction of the cytopathic effect in vitro. The presence
of this termination codon in STLV=-1IIpgy, HTLV-IV and HIV-2,
which would eliminate 40% of the transmembrane protein, could
modulate the pathogenicity of the virus through variability
in the degree of suppression of termination in vivo.

An alignment of the inferred amino acid sequences of the
STLV-IIIpgmM and HTLV-IIIB env gene shows 387% homology overall
(Figure 9), and permits us to predict that the signal peptide
extends to the serine at base 5810-5812 and that the large
and small envelope proteins are cleaved, as in HTLV-IIIB,
between the arginine and glycine residues at bases 7307-7312.
Based on this assumption, the homologies of the two large env
proteins and transmembrane are 35% and 447 respectively.

The hydropathy profile for the putative STLV-IIIpgM trans-
membrane protein is almost identical to that of HTLV-IIIB,
consistent with functional similarity. Much higher homology
can be found between the envelope proteins of STLV-IIIpgm and
HIV-2,..,4 (Table 5).

There are several remarkable aspects of the homology of
the STLV~IITpgy and HIV-1 env proteins which may reflect on
the relationship of their structure and common function (s).
First, there is an extremely strong conservation of cysteine
residues. Of the twenty-two cysteines present in the
HTLV-IIIB env protein (Figure 9) 21 are present in the same
position in the STLV-IIIpgM env protein. Different strains of
HIV-1, which vary by up to 20- 0-25% among themselves in the
amino acid sequences of the env protein, similarly show an
invariant conservation of these cysteines. This suggests
that disulfide bridges play a critical role in maintaining
the three-dimensional structure of these env proteins.
Similarly, 26 out of 27 cystelnes are conserved between the
envelope proteins of STLV-IIIagy and HIV-2gop (Figure 9).

The most interesting aspect of the localized homologies
between the env genes of STLV-III, HIV-1, and HIV~-2_,.,4 is
that they occur in those regions which are most conserved
among different strains of HIV-1l. Conversely, the env genes
of HTLV-IIIB and STLV-I1I,5M are most divergent in the regions
of the HIV-1 env which are most hypervariable. This suggests
that the conserved reglions are important for functlons which
are common to the functions of the eav proteins of these
retroviruses. Since STLV-I1Ipgpm like HIV-1 and HIV- 2,04a>
seem to use the CD4 protein as their receptor, this protein
may bind to highly conserved regions. In fact, it has recent-
ly been shown by Lasky et al, (personal communication) that
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the region containing the last cysteine in HIV~-1 gpl20 is
critical for binding to the CD4 molecule. This region spans
from amino acid 442 to 463 in the STLV-IIIpgM envelope and
has an amino acid sequence almost identical in HTLV-ITIB,
STLV~IIIagM, and HIV-2_..4 (Boxed region Iin Figure 9).
Another important antigenic site has been mapped in this
highly conserved region, Cease et al. (51) have identified
two peptides, Tl and T2, which elicit T cell immunity. The
16 amino acids Tl peptide maps within the putative envelope
region binding site of the CD4 molecule.

The open reading frame homologous to the Trs gene

In the region corresponding to the transmembrane portion
of the putative STLV-III env gene an open reading frame
encoding 96 amino acids can be found between nucleotides 7900
and 8187. This region follows immediately after a splice
junction present in a functional STLV-IIIpgM tat-3 cDNA
(Colombini-Hatch et al., personal communication). The probable
protein encoded by this region shares 29% homology with an
equivalent open reading frame in the HTLV-IIIB genome. In
HIV-1, the existence of this gene was discovered by in vitro
mutagenesls of a biologically active HIV~1 clone and designed
art or trs (52,53)., The protein product of the HIV-1l trs of
19 Kd, appears to be essential for the synthesis of gpl20
(Knight et al., 1987).

The 3'orf Gene

The last large open reading frame is located at the 3' region
of the viral genome and overlaps with the carboxy terminus of
the envelope gene and the U3 region of the viral LTR. This
region (8196-8828) has a coding potential for 211 amino acids
and a potential initiating AUG codon at position 8208. A
similar region has been described in the HTLV-IIIB genome
which has been shown to encode a 27K protein (54,55). The
overall amino acid homology between this putative STLV-III,gm
protein and the HTLV-IIIB 3'orf is 34%. A more detailed
analysis of the amino acid composition of the 3' orf proteins
among the STLV-1IIpgM and the American, French and African
HIV-1 isolates and HIV-2,.,4 reveals the existence of a highly
conserved region of 707 homology spanning about 80 amino
acids (Figure 10). The hydropathy profile of this region in
the different viruses is almost indistinguishable. It is
likely that these 80 amino acids represent the core of the
functional domain of the 3' orf protein.

b. Genetic Analysis of HIV-2yN1H-2

The HIV-2y1y-z virus isolate was obtained by D. Zaguri
from a patient with immunodeficiency who originally lived in
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L Guinea Bissau. A genomic library was constructed from the
o DNA of the HIV-2y1y4-7z infected human neoplastic T-cell line

( HUT 78 (56). Using the STLV-IIIpgM proviral DNA as a probe
N (39), we purified a molecular clone of the complete provirus
" Al and determined its nucleotide sequence. The genome of HIV-2yN1y-7
ft4 is 9431 base pairs long and the overall organization of the
er open reading frames is consistent with the order 5' LTR-gag-
pol-middle region-env-3'orf-~3'LTR, Similar structures have
.}i been reported for HIV-1 (4,57,58,3). A single structural
A difference lies in the presence in HIV-2yn1y-z of an extra
Sy open reading frame in the middle of the genome which is absent
‘3@ in the HIV-1l genome but which is also present in HIV-2,..4 and
:x STLV-I1I,0M, called X (43,41).
e The LTR
o The HIV-2yx1p-z is 632 nucleotides long. The size of the
.ﬂj individual components was derived by analogy with HIV-2_..4
j{ and STLV-I1TpcoM. The U3, R, and U5 are 329, 176 and 127 base
- pairs in size, respectively. While the US and R are comparable
in size to the HIV-2_..4 and STLV-1ITIaom, the U3 of the
v HIV-2N1y-7 1s shorter than that of either virus. A sequence
tﬁ alignment of the U3 region of the HIV-2yiy-z showed a deletion
jx; of 228 nucleotides in the HIV-2yyy-z U3 region. The deletion
Bad occurred 60 nucleotides 3' of the polypurine tract (Figure 11),
'Qi Since the deletion 1s present in both the 5' and 3' LTRs, it
{ is probably present in the provirus and is not a cloning
. artifact. The position of the regulatory sequences in the
Dy HIV-2§N14-z LTR, such as the TATAA box, the polyadenylation
o signal AATAAA, and the SPl binding sites, are indicated in
}ﬂ Figure 11.
}‘v’-c
D) The gag and pol gene proteins: relationship to other lenti-
- viruses
::J.: -
zi The first open reading frame derived from the nucleotide
j sequence of the HIV-2yy7y-z corresponds to the gag precursor.
,.J In the infected cells the size of the gag precursor appears
Y to be 55 Kd as judged by immunoprecipitation with human sera
12N from infected individuals (35). The gag open reading frame
'T: has a coding capacity of 519 amino acids. Although definitive
éb. evidence has not been provided yet, thc gag precursor should
'&: exhibit the same size as in HIV-1, pS55 (50). The amino acid
'*} homologies of HIV-2y7y-z7 gag precursor polypeptides when
' @ compared with HIV-2,.4, STLV-IIIpgy and the HTLV-IIIB strain
;fﬁ of HIV-1 are 927, 82%, and 527 respectively (Table 5). This
ﬁ& indicates that the two human HIV-2s are somewhat more closely
'hﬂ related to each other than to STLV-IIIpgM and that HIV-1 is
32 much more distantly related to all of them. The cleavage site for
.* the major core protein (p24) in the HIV-2N1y.-7 gag precursor !
.j can be provisionally assigned by alignment of the amino acid |
::“o \




sequences of the gag precursor polypeptides of HIV-2, HIV-1
and STLV-ILII g (Figure 12).

These alignments were performed using the algorithm of
Dayhoff and colleagues. These sequences were aligned with
those of the major gag proteins of Visna and EIAV in order to
establish their respective phylogenetic relatlionship
(Figure 12). The results expressed as percentage of amino
acid sequence are summarized in Table 6. The analysis of the
p24-26 proteins indicates that HIV-2Nip-z and HIV-2,..4 are
highly related (96%) and are equally distant from STLV-IIIpqm
(88%)s Both HIV-2s and STLV-I1I,qM appear to be equally
distant from HIV-1 (66-68%). Equal homology (28-29%) 1is
found between EIAV and HIV-1, both HIV-2 isolates, and
STLV-11IIpgM- Similarly, Visna virus shares only 24-267%
homology with HIV-1, HIV-2 and STLV-1IIIpgM. Thus, the com-
parison suggests an ancestral relationship between the ungulate
retroviruses and the primate immunodeficiency viruses, but
also indicates that the divergence of the primate immuno-
deficiency viruses occurred much later while HIV-2 and
STLV-IIIpgM diverged later stili.

The pol open reading frame of 1190 amino acids (Figure 11)
overlaps the gag precursor open reading frame as Iin HIV-1.
The overall amino acid sequence relationships among the pol
genes of both HIV-2 isolates, HIV~1l and STLV-III are like
those of the gag genes and lead to the same concluslons.

Conserved and variable domains in the envelope of HIV-1,
HIV-2 and STLV-I1I,0M

The third major open reading frame in the HIV-2Niy-2
provirus corresponds to the envelope protein (Figure 12) and
potentially encodes for 856 amino acids. A comparative
analysis of the envelope proteln of HIV-2yyy-z with HIV=-2,..4
and STLV~II1agM showed an overall homology of 80X and 70%
respectively. The degree of conservation is comparable in
the extracellular and transmembrane envelope proteins
(Table 5). The envelope proteins of HIV-2yyg-z and HIV-] are
much less related (35%), as shown in Table 2. A homology

TR

Y

5@.

_}? comparison between HIV-1 and HIV-2 was undertaken {in order to

ﬁ* identify conserved regions which may be crucfal for the

;A function of the envelope protein. The position of the
cysteines is highly conserved among all these retroviruses.

LS

In the extracellular envelope protein 22 cysteine resfdues
are conserved among both HIV-2 isolates and STLV-IT1TI,oM and

Ve
R

':ﬁ 19 of 22 are also conserved in the sare position in all
i}} strains reported of HIV-1 (Figure 13).
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*': Similarly Iin the transmembrane portion of the envelope

,.*-

protein three cysteines are conserved among both strains of
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HIV~-2 and STLV-Illagmy and two are also conserved in the
HTLV-IIIB strain of HIV-1. Clearly, disulfide bonds must
play a crucial role In maintaining the secondary structure
of the envelope proteins.

Further analyses of the amino acids homology among the
envelope protelins, identified regions in which either complete
amino acid identity or only conservative changes could be
detected in all these viruses. Of these envelope conserved
regions (ECR) indicated in Figure 13, the ECR-6 which is
located in the extracellular glycoprotein has been identified
as a putative binding site to the CD4 molecule which is an
essential part of the cellular receptor for HIV-1, STLV-IITI.gum
(36,37,38) and most likely HIV-2. A peptide (T-1) capable
of inducing cell mediated immunity in mice has been syn-
thesized using the sequence of the ECR-6 region from HIV-!
(51). Regions ECR-7 and ECR-8 which are located at the amino
terminus of the transmembrane envelope protein may represent
regions involved in the repetitive folding of the protein
within the cellular membrane, as proposed by computer assisted
analyses of the envelope proteins of different strains of
HIV-1 (59). Based on the homology of the ECR7 rezion with
the fusion peptide of human paramyxoviruses, measles, and
respiratory syncytial viruses (60), it has been hypothe-
sized that the first 11 amino acids conserved in ECR7 mav be
the fusion peptide of HIV-2, HIV-1 and STLV-ITIIpgm. Finally,
the 3' most conserved region in the transmembrane envelope
protein (ECR-12) has been implicated to be involved in the
cytopathic effect in vitro (61) even though others (52) have
reported contrary results. Despite these differences, which
may be related to the use of different target cells, the
conservation of these !7 amino acids in HIV-1, HIV-2 and
STLV-IIIap,;M may be biologically significant.

In HIV-2y1y-z infected cells a protein of 33 Kd
(compared to 41 Kd in HIV-l infected cells) believed to
be the transmembrane envelope protein has been i{dentified
(unpublished data). Similarly, a truncated form of the
transmembrane protein has been identified in STLV-ITIIpnpm
infected cells (31). The env gene of STLV-IIIpgy contained a
termination codon that would eliminate the last 146 amino acids
at the carboxy terminus of the transmembrane portion of the
envelope (41,42). HIV-2N1g-z does not have a termination codon
at the same position. Since the infected cells from which {t

o. was isolated appear to express a truncated g¢gp33, the provirus
rﬁ obtained in our laboratory 1s not representative of the
,ﬁ majority of the provirus present. Although the bilological
:{ sfgnificance of the stop codon In some of these viruses 1is
«; not clear, it might be Important in elucidating their biological
Y properties, This stop codon Is present In the same position
‘7 in some clones of HIV-Zrod (62). Furthermore, a comparison of
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the amino acid sequence of the transmembrane envelope protein
of these viruses, shows a decrease in homology after the

stop codon (Figure 13 and 14). These data suggest that this
stop codon does have blological significance.

The same regions that have been found to vary most in
HIV-1 (63) are generally the most variable in both HIV-2
isolates and STLV-IIIpgy (Figure 13). The first region of
variability among the envelope proteins of HIV-2y1yH-z, HIV=-2,..4
and STLV-1I11,5M spans from amino acid 112 to 190 in HIV-2y14-2
and corresponds to the hypervariable region from aal30 to aa?l0
in HIV-1 (63,64). The degree of variability in this region
of the West African retroviruses, STLV-I1ITIpgm, and HIV-] isolates
were analyzed. The percentage of amino acid identity ranged
from 30-607%. This equivalence suggests that both groups of
viruses may have spread to their present ranges from a limited
focus of infection at approximately the same time.

Identification of putative functional domains of other viral

Eroteins.

Several other genes have been identified in the HIV-1
genome by Immunological (54,55,65,66) or functional studies
(6,52,53,67). The corresponding genes can be identified in
the HIV-2 genome and the comparative analyses of their amino
acid sequence indicate strongly conserved domains within some
of them.

The HIV-2 trs/art gene, which was discovered in HIV-1 by
mutagenesis of a biologically active HIV-1 clone (52,53),
seems to be crucial for the expression of the RIV-1l envelope
protein. Protein sequence alignments of the HIV-2 and HIV-1
553/355 gene products show an arginine rich region in the
second coding exon that is conserved among HIV-1], HIV-2 and
STLV-111pgy (Figure 15). Similarly, arginine and cysteine
rich regions (Figure 15) can be identified in the first
coding exon of the tat proteins, which are responsible for
the transactivation of virus expression in these viral isolates
(40,68). No recognizable conserved regions were detected
within the sor (Q) gene although the sor proteins of these
viruses share a similar hydropathy profile (not shown). A
highly conserved region could, however, be identified in the
3'orf (F) gene although a correct protein alignment of the
3'orf protein product can not be obtained because of the
presence of the 228 nucleotide deletion in the U3.

6. Conclu<ion
The identification of an increasing number of human and

simian retroviruses in the last five years, make it imperative
to determine their precise genetic relationships in order to
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elucidate the genetic basis for their pathogenic effects.
Studies on the replicative functions of HIV-1 and its role

in T-cell killing have shown that these human retroviruses
have a more complicated mechanism of regulation than the
non-primate retroviruses. The discovery of a second group of
viruses in both primate and human which are structurally and
genetically related to HIV-1 and are also associated with
immunodeficiency calls for a reinterpretation of the natural
history of these viruses and for a reevaluation of the hypothe-
sis that AIDS is a new disease. In fact, analyses of the
rate of nucleotide changes suggests that HIV-1 and HIV-2
might have diverged from each other as recently as 40 years
ago (G. Meyers, Los Alamos; personal communication) while the
first documented cases of AIDS or aggressive form of Kaposi
in young people date as far back as the early 1960s (69).

The molecular characteristics of STLV-III and HIV-2N1p-7
reveal that their genetic organization is very similar to
HIV-1, STLV-IITIpgM and HIV-2 are more closely related to
each other than to HIV-1. VNevertheless, the extent of
similarity among these primate viruses indicate that they
arose from a common ancestor. The immune cross reactivity
of STLV-I1IpgM, HIV-1 and HIV-2,.,4 in the major core proteins
reflects the high conservation of the gag gene sequence.
Comparison of the gag protein of STLV-IITIagmy, HIV-1 and
HIV-2 with other members of the lentiviridae family
demonstrate that the former represents a group of viruses
that must have diverged from each other more recently
than they diverged from the latter group and that STLV-IIIagwm
and HIV-2 diverged from each other more recently than
either diverged from HIV-1.

The sor gene of STLV-IIIpgM as well as of HIV-2 appears
to be less conserved than all the other genes. The
biological significance of this observation is not clear
since the function of the 23 Kd HIV-1 sor protein (70)
is unknown.

Conversely, the high degree of conservation of the central
region of the 3'orf protein between these three viruses
suggests that this region may be the functional domain of the
protein. The 27 Kd HIV-1 3'orf protein is a cytoplasmic
protein (55) apparently not required for viral replication in
vitro (61). The conservation of the amino acid sequence
of the 3'orf proteins would suggest its importance in the
biology of these primate retroviruses, perhaps as a negative
regulatory element.
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5 One point of considerable debate is whether the West
African viruses (HIV-2) cause AIDS in people. Early reports,
which identified a human virus related to STLV-IIIsgm, on the
basis of serology, suggested a lack of disease assoclation
(32) while others reported the isolation of HIV-2 viruses

from a few patients with immunodeficiency and no signs of
infection with HIV-1 (33). More recently, an increasing
number of HIV-2 isolates have been obtained from patients

with AIDS from West Africa (68, 35)., However, a retrospective
seroeplidemiological study on 4248 people in West Africa

showed the absence of any clinical signs in 330 infected
people (71). The changes in the envelope proteins of two
HIV-2 isolates are similar which suggests that HIV-1 and

HIV-2 have exlsted in their present population for similar
lengths of time. Therefore, it is possible that the dis-
crepancy between these studies is due to a lower morbidity
rate for HIV-2, A more difficult question is whether there 1is
a fundamental genetic difference between the two virus groups
that could explain their apparent different biological behavior
in infected individuals. The overall genetic structure of
HIV-1 and HIV-2 is very similar, with the exception of an
extra open reading frame in HIV-2, which has been designated
X. No evidence 1s currently available which would indicate
whether or not X is translated.

The presence of a stop codon in the transmembrane portion
of the env gene of some of these viruses opens the possibility
that two different forms of the envelope small protein could
be synthesized. The biological significance of this phenomena
in vitro and in vivo remains to be investigated.
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;" Fig. 1 Construction and properties of sor mutants of
% HIV-1. Plasmid X was generated from pHXB2gpt by
¢ removal of an EcoRl site in the polylinker region.
+2N Mutant S was prepared by digestion with Ndel and
- Ncol and religatfon. Mutants 6.9, 3.3, and 153.0
- were generated by site directed mutagensis such
& that stop codons were introduced in frame at the
<3 locations marked ---~X---- (see text). Mutated

fragments were recloned into clone X and trans-
fected into HY9 cells by protoplast fusion. Cul-
tures were monitored for HIV 1 production throughout

@

.R the course of the experiment.
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Fige 2 Construction of HTLV-I1I11 clones with deletions in
the 3' region of the virus. Plasmid pHXB2gpt was
digested with Xhol, treated with Bal3l, blunt-ended
with T4 DNA polymerase and religated. In some
cases a linker arm was added to the blunt ended |
DNA before redigestion and ligation. Clones in ‘
which deletion extended into the gp4l region were ‘
selected for further study. '

- @,

* 5t
LA

>
”.

<O

.
v B Y ¥ 3 @
P O R
PR

lon an gn 2 Se v in i
LS AL T W |

)
N

LN
L«

37

~

A

TR .. SRR RN D B T A R S R R R R R

| o9



Pala S b Ak Al e Al Alke Al e Ales Sl Bin Svn te S e ATl 20 Yl Saf Sald Rak Sl fa¥ Go Raft Bot Sut el e it S o080 oS gbg a's |

P
232

.. A S

il
v

ARG LA
AR R RAR)

.
LY

5'LTR [ a0
— Sacl BssHII
| |
tRMA ].
Binding Solice
Site Donor
\ pHXBZ2-3 .
_ DHXB2-11 }
X10-1
—
L =293

]
.

T
)

“{“{".:..:'.".
L R

Y

Fig. 3 Construction of packaging defective mutants,
A series of deletion mutations in the region
between the 5' LTR and gag were constructed
from pHXB2gpt. The clone was cut with either
Sacl or BssH2, subjected to Bal3l, blunt ended
with DNA polymerase, and religated. Mutants
210-1-25 and #293 were obtained by site direc-
ted mutagenesis.
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,5: Fig. 4 Plasmid clone C1SCAT was constructed by ligation

oy of HindIIl linkers to the blunt ended Pstl insert

e of C15, digestion with HindIII and ligation of the

resulting fragment into the HindIII site of pSVOCAT.

4:@ Deletion mutants in LTR were made by Bal3l exonuclease
. digestion from the Kpnl site in the direction of

i@ arrovs.
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CLONE

C15CAT

CDI12CAT
>

;Q Fige.
’!
o
L] 'u.

(9

S
1 @,

H9 HY ‘HTLVII
= * RSV = = 1
100 be Core Core {RSV =610} (RS 05=0"
— € L2 YHa ing  BLV E;:
® GC TATA
Jort LR TV oR so: a?:l‘m m
— el P =71 03 51=- 05
Hind 11l XPo | Kpnt Bgttl Py |'| o Seud -'o-rmn
I i 20° 394:- 59
.278 26=03 580:- 98
176 21=03 605=-123
A7 — 11=01 559=- 32
103 —————————t 03+01 76 2°°
65—t 00 16=- 05
48 ———— 00 00
3° orf---> Xho 1
CCACCAGCAG ATGGGCTGCG AGCAGTATCT CGACACCTAG AAAAACATGG ACCAATCACA 8505 |
I
AGTAGCAACA CAGCAGCTAC CAATGCCGCT TCTGCTTCCC TACAACCACA ACAGCACCAC  B565
Kpn 1
CACGTGCGOGTT TTCCAGTCAC ACCTUAGGTA CCTTTAAGCC CAATGACTTA CAAGCCAGCT 8605
Agl 11 Polypurine Tract [(=453)U3==->
GTAGATCTTA GCCACTTTTT AAAACAAAAG CCGCGACTGG AAGGGCTAAT TCACTCCCAA 8685
CGAAGACAAG ATATCCTTGA TCTGTGGATC TACCACACAC AAGGCTACTT CCCTGATTIGC 8745
Core En
CAGAACTACA CACCAGGGCC AGCAGTCAGA TATCCACTGA CCTTTGCATGC CTGCTACAAGC  BBOS
11.-2 WTILV 1,101 ]-278 1L-2
CTACTACCAG TTGAGCCAGA TAAGGTACAA GAGGCCAACA AACGAGACAA CACCAGCTTGC BBbS
TTACACCOTG TGAGCCTGCA TCCAATCGAT GACCCOGAGA GACAACTCTT AGAGTCGAGG 6975
|-176
TTTGACAGCC GCCTAGCATT TCATCACATG GCCCGAGAGC TGCATCCGGA CTACTTCAAG B985
<--3" ort INS
2 L L |-17 ]-103 Pireet Repeats
AACTGCTUAC ATCCGALCTTL CTACAAGCCA CTTTCCGCTE GGUGACTTTCC AGCCAGCGCUT 9045
TATA
-65 | -48 Box Pvu 11
CGCCTGCLCG _GGACTGGGCA GTGGCGAGCC CTCAGATGCT GCATATAAGC AGCTGCTTTT 9105
Core En
C==-U3 |(+1)R=---> IR Bgl 11 Sst 1 IR
TGCCTGTACT CUGTCTCTCT GGTTAGAZCA GATCTGAGCC TCCCACCTCT CTCCCTAACT 91865
Poly A Sig.
Hind 111 | poly A
AAGCAACCCA CTGCTTAAGC CTCAATAAAG CTTgeccttgs gtygcttca 9213
5 Features of clone C15 and resulting S' deletion
clones containing HTLV-I11I-LTR sequences. CD12

contained a small deletion around the Kpnl site

by restriction enzyme analysis while retaining

the surrounding Xhol and BglII sites. Each

clone is numbered corresponding to the distance

In nucleotides from the transcriptional start

site at +1. Regions of homology to other genes
and biologically relevant features are diagrammed
as indicated above the map. CAT assay results

of lysates prepared from transfected H9 and H9/1I11
cells are shown on the right of each clone. Values
are peccent conversion of lac chloramphenical to
acetylated metabolites.
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The solid bars in the figure represent the viral
content of the lambda clones isolated from the
gsenomic library obtained from the STLV-TIITpqgy
infected cell line K6W. The endonuclease map
depicted in the lower part of the figure was
derived by computer analysis of the DNA sequence

obtained from four phage clones 16, 27, 35, and
11 (See Figure 7).
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T A DDS 1!V TGTIETLTGTPHYTHP

2190 222¢
AAMT A(TIAGGAGGMTAGGAGGTTHAHMTM,TMAGMTACMMAGAMTA
5 G F I N T K £ Y KNV 21

2250 2280
GMm AGGC, MMGGAﬂKAMGGACMTCAmCmCAmmﬂMCAﬂ
L $ K R I K R T I o0 LI
RT
2310 2340

TTTGGTAGGAATTTGCTAACAGCTCTGGGGATGTCTCTAAATCTTCCCATAGCTANGGTA
F G R N L L T A L G N S L N L P I A KV

2370 2400
GAGCH CTGT AAAAGTCGCCTT. MAGCC AGGAMGGTNGACCMMWAG‘I‘GGCCA
E P K V A L PG K Q w P
2430 2460

TTATCAAAAGAAAAGATAGTTGCATTAAGAGAAATCTGTGAAAAGA
L $ X E XK I v A L R E T C 2 KM E K DG

2520
CAGTPGGAGGMGCPCCCCCGACCMTCCATACMCACCCCCA"ATH‘GCCATMM
Q P P Y P ¢ F Al K K

2550 2580

AAAGATAAGAACAAATGGAGAATGCTGATACATTTTAGGGAACTAMTAGGGTCACTCAG
K D K N K Ww R M L I H F R ELNURV TOQ

2610 2640
GAAC ;".'. ACAGAAGTCCAATTAGAATACCACACCCTGCAGGACTAGCAAMAGGAAAAGG
E Y R S P I R I P H P A GLAZEKTERTEKR
2670 2700
ATTACAST AC!‘GGATATAGGTGATGCATAmCATACmAGAWmm
1 T VL DI G DAY F S 1 L DE EF R
2730 2760
CAG'ACACTGCCTT‘T AC TTT ACI"ATCAGTWTMNCAGAGCCAGGMCGATACAH
Y T A F P S vV N N G K R Y I
2790 2820
TATM'JG'.'TCTGC"TCAGGGATGGMGGGGTC&CCAGCCATmCCMTACACTlmG&
Y ¥ ¥ L Q G w K G S P A I F Q Y T MR
285 288
CATGTS TAGMCCCTTCAGGMGGCAMTCCAGATGNACmAGTCCAGTATAmT
H v L E P F R K T Q
2910 2940
GAZAT _A‘MTAC TAGTGACAGGACAGACC‘PGGMCATCACAGGGTAGTHTACIGCTA
o T o1 R T D L & H DRV Vv L Q L
2970 3000
AAGS. TTCT"AAATASCA'AGGGTTCTCTACCCCAGMGAGMAT!’CCAMAAGATCCC
¥ £ L ¥N £ ! ¢ F S T P E E XK F Q K D P
1830 1060
""ATTTCAA"'GGA"‘GCGGT/\CGMTI‘GTGGCCGACAMAT‘GGMG‘XTGCAMAGATAGAG
P F T W M G Y E L W P T K W XK L Q K I E
0990 3120
TT "AAAGAGA\..AL CTGGACAGT‘GMTGATA*ACAGMGT!‘AGTAOGAGTATTWT
¥ <« F E T N I ¢ x L VvV G V L N
31s0 3180
T335IAIITTAAATTTATCCASGTATAAAARCCAAACATCTCTGTAGGTTAATTAGAGGA
“ & & ; I v P G ! ¥ T K H L CURTULTIZRG
3010 3240
AAARTSATTOTAATAGAGS GTTC. AGTGGACTGAMAMCAGM“AGMTANAGGM
¥ T LT & A V 0 ¥ T E M A E
3270 3300
AATAATATAATTOTOAGTCAGGAACAAGAAGGATG TTATTACCAAGARGGCAAGCCATTA
L T H LS ¢ FE L E G C Y Y Q E G x P L
1110 1162
AATARAGAGTCAGGACAATCAGTGGACTTATAAAATTCACCAAGAAGAT
T ¥ S 0 L N Q Ww T ¥ K ! H Q o
13193 j4lC
TOAAASTAAGAAAATTTLOAAAGATAAAGAATACACATAUCAATGGAGTTAGA
F o L F Y ¥ F F A M 1 &£ N T H T NG V R
14 ALY
* AT AAGGARLTAATASTGATUGTAGGACAGGTT
AWV L S A L T A T

o
ARA TATTATA ALATLGAT AT LT
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1750 3780

AAASTGTTGATAATCTACTAATCAA! GCAGAATTGGAAGCAATTTATCATGGCATTGAA

K v L T T TN QT AELEAMNTIYHGTI!!E

1810 1840
1A "TTAGGGCC AAAGAGAAATATTATAGTAGAATTACAAGTATGTTATGGGAATAATAAC
z $ P K R N I ! VELQUW¥ C Y G N NN

1870 1900
ASGTT r*‘rxcmun AGAGAGCAGGCTAGTTMCCMATAATAGMQAAATGA‘!TAM
FE T E S E S LV K Q EE M I K

1910 3960
STCAGGGTTTATGTAGCATGGGTACCAGCATTAGAAGGTATAGGAGGAAACCAAGAAATA
vV R ¥V Y VvV A W V P A L E G I G G N Q E 1

1990 4020
SGTCCACTAGTTAGTCAGGGGTTTAGACAAGTTCTCTTCTTGGAAAAGATAGAGCCAGCA
S P L V S Q G F R Q V¥V L F L £ kK I E P A

4050 4080
CAAGAAGAACATGATAAATACCATAGTAATGTAAAMAGAATTGGTATTCAAATTTGGATTA
Q E E H D K Y H S NV K E L V F X F G L

4110 4140
CCCAGMTAGTGGCCAGACAGATAGTAGAClCﬂ‘GTGATMATGTCATCAGAMGGAGM
P R I ¥V AR Q11 VD T C D K € W Q E

a0
GeT ATACATGG(‘CAGGTMAHCAGATCTAGGGACTTGGCMANGACTGTACCCATCTA
A1 HG O QV KSDLTGTS®OQ®MDTCTHTL

4230 426
GAAGGAAAAATAGTCATAGTTGCAGTACATGTAGCTAGTGGATTCATAGAAGC AGMGTA
E G X I Vv I ¥V AV H V A S G F t E A E V

4290 4312¢
ATTCCACAAGAGACAGGAAGACAGCACTATTTCCTGTTAAAATTGGCAGGCAGATGGCCT
1 P Q E T G R Q H Y F L L K L A G R W P

4180
TAmACACATCTACACACACAG‘!‘MTGGTGCTMCTTPGCATCGCMGMGTMAGAN
Y L H I H § N G A N F A S Q E V K M

4410 4440
F"’ACATGGTGGGCAGGGATAGAGGCACACC‘X'TTGGGTACCATACMTCCACAGAGTCAG
o w A G I E A H L W VvV P Y N P Q S @

4500
uuAuTAGTGGAAGCAATGMTCACCACCTGMMATCAMTAGATAGAATCAGGGMCM
G V V E A M N HHL N Q R E Q

530 4560

5CAAATTCAGTAGAAACCATAGTATTAATGGCAGTTCATTGCATGAATTTTAAAAGAAGG
AN SV ET vV L M AV HCMNTEF KRR
patypurne

4590 4620
mAATAQGCGATATGACTCCAGCAGWGAHM”MCATGKTCACTACAGMCM
S 1 G DM T P A ER LI NM I TTEQ
n.n

4650 4680

SAAATACAATTTCAACAATCAAAAAACTCAAAATT FAAAAATTTTCGGGTCTATTACAGA
E I Q F Q QS KNS KF KNTFRV Y Y R

4710 4140
JAAGGCAGAGATCMCTGTGGMGGGACCCGGTGAGCTATTGTGGMAGGGGMGGAGCA
€ Q W K G P GETULLUWGKGE G A

—s0r
4800
Fids A"CTTAAAGGTAGGGACACA cA nuz;a‘ucnccmaumuconwna :rc
Vo1 v or x v R R K K 1
p £EE R L X oL s

4810 4
AAAGATTATGGAGGAGGAAAAGAGGTGGATAGCAGTTCCCACATGGAGGATACCGGAGAG
¥ D Y G G G K E V S s s H n:o'rc:
¥ 1 M EE E K R W I AV P T W xp:n
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3 -uc.mncroc:rmcc*c ATAAAATATC‘PGAMTATMAACTMAGATCTACW
AR E V A
L E R WHS LI KYLKYXTQKDTLGQK

4950 4380

35TTTGCT "'GTaCCCClf"'TAAGGTCCK.':ATGGGCATGGMACCTGCAGCAGAGTMT
DR S H K VvV G W A W ¢ S R V 1
5010 5040

TTTCCCCCTACAGGAAGGAAGCCATTTAGAAGTACAAGGGTATTGGCATTTGACACCAGA
fF F L Q E G S K L VvV @ G Y W H L T P E

5070 5100
AAIAGGGTGGCCCAGTACTTATGCAGTGAGGATAACCTGGTACTC AAGGGACCTTTTGGA
F 5 % 7 5§ T Y AV R I T W Y S R D L L D
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Woow L f N P T W oK g ow ROR P R G
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GGGLCTGCTCAAGAGAC AACAAGAATTCTTGCGATTGAC COTCTGCGG A ACAAAGAACCT
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CCAGACTAGGGTCACTGC CATCGAGAAGTACTTAGACGACCAGGCCCAGCTCAATGCTTG

[+ 2 4 vV T A 1 £ x Y L £ D Q A Q L ¥ a v
7990 7620
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G C A Q H T TV P v P N A S LT
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ACCAGACTCGAAC AATGATACTTGGCAAGAGTGGGAGCGAAAGG TTGA A
P DWW MNNGDTWOQEWWTERTEKVY D TIFLECTE
e 1740
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N 1 T A L L EEANGTI Q Q E XK ¥ m Y E L
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Q M D V F C N v F A v 1 K
780 1860

GTATATACAATATGGAATTTATGTAGTTGTAGGAGTAATACTGTTAAGAATAGTGATCTA

¥ 1 ¢ ¥ G I Y V¥V v Vv G Vv [ L L r 1 v 1 Y
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TATAGTACAAATGCTAGCTAAGTT AAGGCAGGSG T AT AGLCCAGTGTTCTC TTCCCCACT
1 v g M L A KL R QG Y R P V F S s r P
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Lt 1 R QLI R LLTUWWWLFSONKTCRT
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mATCGAGAGCATACCAGATCCPCCAACCMTAC‘KCAGAWGACCCI’
kA o1 L QP I L Q s AT L
lr—-ron

sy 0220
ACGMGGATTCGAGAAGI’CC‘KAGCAC‘MACI‘GACCIACL‘I'ACMTAWAGCTA
RxioR £ VL RTLLTYLOYC v s Y

Y N MG G A
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L Q AN G W T E T L AC kW
!snllsxrAanlolLLlAl
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AGGAGAGGTGGAAGATCGATCCTCGCAATCCCTAGGAG

GGGAGACTTATGGGAGACTCTT
v

G o L £ T LR RGGR WV I L A I P R R
¢ E T Y G R L L GEVEDGSTSOQSLG

ENV — 8400
CA'TACA;CMGGACmAGCTCACmTMGG\-ACACWTACMT‘CAGCGGCAGI’

1 R Q G E
G L ¢ x D L s S5 R S C K ¢ ¢ K Y ¥ Q G O
8430 8460
ATATGAATACTCCATCGAGAAACCCAGCTGAAGAAAAGG AAAAATTAGC ATACAGAAAAC
Y W N T P W R W P A £ E K £ £ L A Y R X
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8490 520
AAMATATGGATGATATAGATGAGGAAGATGATCACTTGC TAGLGGTATCAGTGAGGC CAA

Q W m DD I © £ E DS DL VY G V S V R P
8550 8500
mccdmmummwmnn&AnmAmnw
A M T Y K L A I DN S N T 1
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€ K G ¢ L E G 1 Y Y S A ar g ® [ L DN
polvDurme tract
0700

AmwATCATACCAGAMmﬂACACfTCAGGACC‘GGMﬂAGATACC

Yy L £ G 1 P O W Q DY T S G P G I R Y
er30 t7¢0
CAAAGACA711cac1cac1ATcGAAAfTAGTtCCTcTAAArcTATCAGATGAEGCACAnc
kK T F G vV P v N V S D £ A Q
07%0 8820

AWNAGAGGCATTA?ITMTCCAGCCAGCN AAACTTCCAAGTUGGATGACCCTTGGG

E D E R Y L & O P A Q T 5 kx ¥ o P W
Yot —4

a850 LLLT
AGAGCTTCTGACGTGGAAGTTTGA TCCAACTCTAGCCTACACTTATGAGCCATATGTTAL
T & T

%0 %40

ATACCCAGAAGAGTTTGLAAGE AMGTCAGGCCTGTCACAGGAACAGGTTAGAA

2970 9000
AALCGCAAGAGGC CTTCTTAACATCOCTGACAAGAGGGAAACTCGC TCAGACAGCAGGGA

%010 2040

CTYTCCACAAGGGGATGTTATCGGGACGAGC COGTCGGLAACACCCACTTTICTTGATGTA
Uy ——n

9090 20

TAsA TAYtAcfccA711t6(1r1c1A11tAcchcrtchcAcAcccTGGCAcArTCAnc
TATA
aox

L] 9180

Cm&cf’(‘rm(AGCAGAGUGGTAGAOCMTCHCCCMAGAU(‘T(A

9240
ccAccAc?chccAcrcCTcacAcAcTGGC?ccACGCTTCCTTCCTTAAACACCT(TTcA
r—
9260

ATAAACKTGCCCATTTTAGAAGTA

sequence of TLV—IIIAGM

Fig. 7 The complete nucleotide of

The DRA soquunrn af the (nmplotv provxrus was determined

the dideoxy chain tormination method of Sanger on single
double stranded DNAL The sequence has heen numbered from the
heginning of the P region at the 5' end of the provirus Lo
end of the R repgion at the 37" end of the proviral DNA. The
major yene regions oare ndicated throughout the tength of
the DNA sequences

and
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Fig. 9 Similarities between envelope proteins of HTLV-TIIB

ﬂld STLV- IIIAGM'

The alignment of the derived envelope proteins of
STLV-1TIagy and HTLV-TIly was derived using the
protein alignment program of microgence. The dividing
arrow indicates the putative cleavaye site between
the extracellular and transmembrane portions of

S . o .
. the precursor envelope protein. The boxes include
v.‘: 1}1(~ most conserved region between STLV-TITaAcy and

-,t, HTLV-TTIB envelopes. Circles indicate the location

af ecysteines in the envelope proteina.
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TALAGTT

240
"f‘(xCCT SGTCATCISITOTTTATCTITGTATAATAAGA

47 330
TTUTSITTTOITTA LA TTTSTT SO TTIGOSAAAL T 3ATSTAGICOGAAAATICCTAGT
332 160

SAASAASAITGAGAA ST ITTSCAACAAGS 3CTGEGTS

19 42
TCG

450 480
GGGAGTCGAGAGGS TTCCSSGTGAAGGGTAAGTACCT

519 54¢C

ATATCAAAAATTSTASTCAAAGAGSGCTTGTTATCCTAI CTTTAGACAGGTAGAAGATTG

600

SATGAATTAGAAAAA

2 E L E K

630 660
ATTASSTTACGSICCSGGIGCAAAGAAAAAGTACAAGCTTAAAACATATTGTGTSGGCAGCG
: R L ® F 4 G K K K Y K I k H I VvV w A A
720

AATGAATTGGACAGATT GF‘A"'TAUCAGAGA\JCCTG TGSASTCAAAAGAAGGTTGCCAAR

NELDFFGLAES-LESKEGCQ

7 780
AAAATTITT )\\ASTI’Z'TA.:A""CAT'TAGTA CGACAGSTICAGAAAATTTAAAAAGCCTT
X 1 L. T v L I p L VWV T S s E N L K S L

513 840
TTTAATACTS AGTGAAAGATACTGAA
F N T ¥ K D T

900
aAAA:AGGAAc*GCAGAGAAAATG

E T G T A E
930 960
TTAAATAZAASTASATTIAACAGCACCACCTAGCGGSAAAAACTTCCCCGTRCAGCAAGTA
P N T S : F T AF P S G K NTFUPVQQV
997 1020
TATACCACTGAGTCCCGS. AA:?:TAAATGC*TGGG*AAAATTA

! P LS P G T L N v
1050 1080

GGGCAGAAGTAGTGCCAGGATITCAGGCACTC TCAGAAGGT
5 A E V V P G F O A L S E G

1140
CCATCAAGCAGCTATG
H Q A A M
1170 1200
TSAGGAAGCAGT TGTTGCACATCCCATA
EE A A YA H PO
1230 1260
GLAGCTTAGAGAGCTAAGASGGTCT GACA"A CAGGGACA
S L R E P oF o3OS I X G T

1290
AGATTTAGTGGATGTTTA
Tow v ¥

AR AL A A A Sl Al ol Sndk Sl Aol Hol Gal & &)

hatARe Al e Al A'e Aba B a B Aol o 2 At A0 Bab ol 8§ Aot Bol g |

1830 1860

CCCAGATAGAS AGGCTGATTTTTTAGGGATTGGCCACTGGGGAAAG
P DR Q AGT FLGTI GH W G K
poiP T G W F F R D W P L G K

1890 1920

AAGGSC }CAAC'TCLCLGCGG\LCAAGTCCCGCAGGGGCTAACACCAACAGCACCCCCA

¥ A & N F P A A 0 ¥V P O G L T P T P

G A N T N s T P

198¢

AC“TACTGCGTTTCGAGCAGGCAGAG
L L RF E Q A E
L T A F R A G R

2100
LTGCACCTCAATTCT"TCTTTGGAAAAGAC
LN L F G K D
A A PO r S L w K R
: 2160
A3TAGTCACAGZACACATTGAGGGTCAGCCAGTAGAASTTTTGTTAGACACAAGGGCTA
P v vV T AH I E G Q PV EV LLDTRA
90 2220

.'GAC’Z'CMTAGTAGCAGGAATAGAGTTAGGGAGCM'KTATAGTCCAMAATAGTAGGAG
N D S I V A G ! E L G S N ¥ S P K I V

2250 2280
GAATAGGGGGATTC. ATAMTACCMGGMTATMAAATGTAGMATAGMGTCCTAGGTA

G I 6 6 F I N T K Y K N V E E V
2310 2340
AM MGTMMGCCACCATMTGACAGG‘I’GATACCCCGATCMCA‘!'I'H'X’GGCAGMATG
RV T I T G D T P 1 N 1 F G R N
2170 2400

CTGACAGCTTTAGGCATGTCATTAAMACCTGCCAGTTGCCAAGATAGAACCAATAAAAA
v L T A L G M S L N L PV A K T EP 1 K

2430 2460
"'AAT’CTMAGCCAGGGAMGATGGACCMGACTMAACMTGGCG'”MCMGAM
I M L K P G K D G R L K Q W P L T K E

2490 2520
AAATAGAAGCACTAAAAGAAATCTGTGAAAAAATGGAAAAAGAAGGCCAGCTAGAAGANG
¥ I E A L X E I E KM E K E G Q L EE

2550 2580
CACCTCCMCTMTCC‘H‘ATAATACCCCCACATTPGCMTCMGAMMGGACMAMCA
A P P T N P N T T I K XK K D K N

2610 2640
AA“GGAGMTGC‘I‘MTAGAC‘X‘H‘AuGGAGCTWCMGGTMCTCAGGA‘HTCACAGAM
K W R ™ I F R E L NK VT QPDFTE

2670 2700
TTCAG ﬁAGGAA‘ITCCACACCCAGCAGGATI‘GGCCAAAMGAGGAGM‘H‘AC‘K’GTACX‘AG
I 2 L G 14 P A G L A K KRR I TV L

2730 2760
A"G"‘AGGGGATGC’I‘TAC‘!'I'I‘TCCATACCACTACATGAGGAC‘KTK‘AGACAGTATACTGCAT
o VvV G Y F s I P L H EDTFRQY T A

2790 2820
I\,ACTCTACCATCAGTMACMTGCAGAACCAGGMAMGATATATATACMAGTCCTAC
F T L P A G K v

2850 2880

CATAGGGGTGGAA TCACCAGCAATTTTTCAATACACAATGAGGCAGATCTTAGAAC
P Q G W K 6 S P AT F Q Y T MR QI L

2910 2940
TTCAGAAAAGCAAACGAGGATGTCATTATCATTCAGTACATGGATGATATCTTAATAG
P F R K A N E D VvV I 1 I Q Y M D D I L

2970 3000
AGCGACAGGACAGACTTAGAACATGACAAAGTGGTCCTGCAGCTAAAAGAACTTCTAA
S b P T D L E K D K Vv V L 0 L K E LU L

0

3030 3060
CTAGGATTTTCCACCCCAGATGAGAAATTCCAGAAAGACCCTCCATATCGCTGGA
. 6 F s T P D E K F Q K T P P Y R W

3092 3123
CCAA("AAA"‘GGAAG"!’GCAAMAA' CAGCTGCCCCAMAAAG
T oK W oK L @ K I QL P Q¥

1150 1180

GTCTTAAATTGGO T AGTACAAA
VoOLON W A A g

CAITORATGAC AT TAARASCTAGTSS
NOTOT L F L

3045
STAMAAATGA AT A
I S b

N
ITTAGAA
LFE
4.
A RSARAATT T T AR
£ ¥ N ¥
B 14K
FaA ATAUURA G VTUAGATTOTTA WATAGS

L4 . N 1 A
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S4 $460
FOTATAAAS ASASAGGUAGTSARTCACCACCCACS
4 , R G S E S P P T
N F E A Vv N H H P R

5520
GGAGATACTGGUATGATGAACAAGGGAT

STAGCATTTAA ™

H D E @ G LJ

g
TG AA'\:"ACA GCA
- : o M A M Y M H

5640
AGAAGUGTCGAGATCAGSS
2 F G G D ¢ G

1843
AATUASOAA 3 ASAATTAGAASCUTTT SUAATGSCACTAATAGATTCAG
T TN [ v A E L E A F A M AL T DS G

iRTC 1920 S700

AAAAGCTAATATTATANTAGATTCAT AA"‘;\"""‘»\A GOSGATASTAGTAGGUCAACCAA TCILT
N T A A T N T I 4

1932 96l 57¢0

AL GAATASAATAGTAAATC AuAT ATASAAGAAATSATAAAGAAAGAAGCAA s AG 3 IVATSIATGGOTAATASARATUCTGASA
T N R [ VM N ¢ 1 I E E M I & K E A

4020 $793 5820
AGGAAACCAGGAAGTAGATCATT GAAK SCTCTTGGCAGA
G Q E V D H
405 4080 5840 5880
'AUTAA.“LA\- Ny A!"‘Au/\CAAGTA"I‘A"TCCTAuAGAAAA"‘AGAACCCGCL-FAG\.AAu TATATITATACTAGGTATGGASATACCOTTGAAS S SCCAGASASC T ATTASAATCCTG
LoV oS S 1t R Q L F L E E P A Q E
14y sal0 5940
AATATGAAAAAT AT\ATAG:M*ATAAMJMHGTCCCATAAA“n‘cGAATAcm,\Acc AGAGCAS AT CTAGACA |
E H E K ¥ H S N 1 K E L S HKTF G ! P K
1
4170 3200 6
TASTGSIAASACAAATAGTAAACACATGTGCCCATGTGCAATAGAAAGGGGAGGCTATAL TTAAGGUATSTASTAACTCCTGST
LV A F QO I N K T CAH YLD K S E AL
$230 4262 60ic 606G

AGAACTAGGCACTTOGCAAATGGACTSCACACATTTAGAAGGAA SAAATGO TN TA SATTS I TASCTSTSG TITTTTAT AMAAGSGHTTCGGGATATG
E L G

T W g M D CTHTLEGS

4290 4326 609¢C €10
GTAGCAGTACATSTTGCAASTGGATTTATAGAGGCAGAAGTTATCCCAC STATIATISAAAGGG T ASATSAASAASGATTUC ARASAAAACTAAGGTTCAT CCGTOTTC

v A ¥V K V A S G F I E A E VYV 1 P

438C 6153 tiBC

AGGAATCAGIAAGGTAAACAGCAC TTSAAACTGSCCAGTAGGTGGCCAATAA CAASTGAGTATSAAGGGTAGTAAGAAT TAACTGCTGATTGCTATTGTATTA
g E S G R Q T A « L A S R W p I ENVPM K G s F N [ L oL 1 A IV oL
4443 6210 €243

< CATAGGAAGTGAAAATGSTAGCAT SOTASTIITTACCTAATAL A""’ CAAGCAATTTGTGACTGTTTTCTACSGIATACTIG G

WL R s GA\FTSQE\'KM'.‘A A s A v oL o ¥ g F v oT v F Y @ ip A
4552 6270 61.C

AAACTCAASGAGTAS ITGTTTTGTS TAA TCARAAATAGASATACTTGGGGAATA

T s @ 5 v F C A T F N R B T W 5 T

4562 6130 616C

TASAASTAATGAATCATC Aw\ATZ‘A,‘AGAJLAL:GCAAA A ATaC AGACAATSATGATTATCAGGAAATAACTCTAAATGTSACASAGGCT
Y E A M N H IF E QKN N t N T D Y Q E I T LNV T E A
PPT2 oo 6390 6420

AAAuAAGuG..A GAA bee ATGIAATAATATAGTAACASAACAAGTASTAGAGGA TS TCTG T AATCTATTT

FoE R G G w N N T T E S AN E DIV & N L F

. 4687 6480

GTAGAARTGA TOATTATIATABAATAAGARATAS SA AL TCOTTATSTSTASCAATGAASTGTACA

A E P : TE {E [ F oL VvV A M N C T

65"

TAAAAAL Tff' AAA

TAGACAATTGE A A‘. AT .AAA GSATSARSAA,
[ .
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1230 T80
AAC‘GGACCCCCACACAGAATATTAMTTTAMGCACCAGGCACACGCTCAG:C(L:ACAA
N R S R T E ¥~ 1 K F K A P G R G S5 - 7 E

7290 7320

TTGGTTC

3

GTAACATACATGTGCACTAACTUCAGAGGAGAATCTCTCTACTGCAACATGAT
vV T ¥y M w T N CRGE S L Y C N T«

7150 73180
CTCAATTGGGTAGAGAAC AGGACGGGTCAGAAACAGCGCAATTATGCACCGTSCCGTATA
L N~ w v ENRTG Q X Q R N Y A P € R 1
7410 7440

AGGCAAATAATTAATACCTGGCAC AGGGTAGGGAAMATCTATATTTIGCCTC CCAGGGAA
R Q I I N T % H R V G K N L ¥ L P ? F E

7470 1500
GC&GAGmA(‘mCMCTCMCOCNACCAGCATMﬂ'GCCAACAT!‘GATGCSCGACAT
6 E L T C N S TV T S I 1 A N1 D A [~ )

7530 1560
CMACWTAT‘TACmAmCAGACGCGGCAGM(‘TATACCGATMM"[wGOGAT
Q T N I T F S A E A A E L Y R L -

7590 7620
TACAAATTAGTAGMATCACACCMmGCACCTACAT‘CAGTAMuAGn.AnCC
Yy x L v € 1 T p I P T S v kK & ¥ S

7650 7680

mACCAGAGACATAC‘AGAGGTVT’GTTWAGCGTPCCTAGC‘!‘!TCTCGCA
SANOﬂNTlGVFVLGFLCFLA

1710 1740
ACAGCAGGTTCTGCCATCGCCGCGGCETCCTTGACGC TG TCAGCTCAGTCTCGSACTTTA
T A G S A M G A A S L T L S A QS R T L

1770 7800
TTCGCCGGGATACTGCAGC AACAGE AACAGCTGTTGGATGTGGTCAAGAGACAATAAGAA
L AGI UV QQQ@oo1LLDUVVEKXKZRZOQOQTE

7830 1860

TCTCCAGGCAAGAGTCACTGC TATAGAG
L @ ARV T A I E

ATGTTGCGACTGACCGTCTGGGGAAC
M L R L T V %W G T K

1890 7920
AAGTACCTAAAGGACCAGGCGCAGCTAATTCATGGGGATGTGCCTTTAGACAAGTCTGC
K Y L KD Q A QL N S W G CATF K Q V C

71950 7980
CACACTmACCA'R‘-GGTMATGATACC‘HWACCNAT‘K‘GGMCMTA‘GACCTGG
H 14 ¥V N DT L T P D W N N ¥ T W

o010 8040
CAGGAATGCGAACAAMAAGTCCGCTACCTGGAGGCAAMTATCAGTCAAAGTCTASAACAR
Q £ ¥ E Q K V R Y L E A ¥ I § @ s L E

8070 4100
GCACAAATTCAGCAAGAAAAGAATATGTATGAGCTACAAAAATTAAATAGC T SGGATGTT
A Q1 Q Q £ K N M Y EL Q KL N S & DV

130 8160
mACCMmAMACmeATAmMTAMAGT‘AMA
F T N W L D F T $ W V R Y 1 QY G VvV ¥ V

4190 8220
GTAGTAGGAATAGTAGCTTTAAGAATAGTAATATATATAGTACAGATGTTAAGTAGACTT
vV ¢ I vV A L R I VvV I ¥ v O M [ S R L

8250 880
AGMAGGGCTATAC&CWCCCCCCCW&CATCCMCAGA CCATATC
R K G Y R P V s P P G Y I Q ¢ I H 1

8316 63:0

CACAAGGACCAGGAACAGC CAGCCAGAGAAGAAACAGAAGAAGACCTTGCAAGCARCGGT
H X D Q E Q P A R E E T E E D V G S N G

8370 8400
GGAGACAGATCTTGGCCTTGGCCGATAGCATATATACATTTCCTGATCCGC CTGCTGATT
G D R S ¥ P w P I A Y I K F L I R L U I

8430 8460
CCCCPCTNACCGGGC‘TATACMCATG‘GCAGGGACTTACTATCCACCATCTCCCCGATC
R L L T G L Y NI D L L S R ! s P 1

8490 8520

CTCCAACCAATCTTCCAGAGTCTCCAGAGAGCACTAACAGCAATCAGAGACTGGCTGAGG
L Q P I F Q0 S Q R A L T A 1 R D & L R

4550 0580
(.‘X"AAAGCAGCCTACCTGCAGTAWGWKCNMWCM“CCH
L K A A Y L @ E W I O E A F C A L

J"ORF’" G A s G s s P L

8610 0640
GCMGGACTACMGAGAGACTWAGGCGCGGGGAGAGACITGMW SCTGCAA
A G A G R DL W R A L @

Q 6 L ¢ £ R L L Q ARG E T C G G & C N

8670 ar00
CCAATCGGGAGGGGGATACTTGCAGTCCCACCAAGGATCAGGCAGGGAGC AGAAC TCGCC
R I G R G I L AV P RR 1 R Q G A L A

E $ 6 G G Y L Q S H € 6 S G R E Q ¥ 5 P
8760
nCmT‘GAGGGAfAGCGATAT’CAGCAGGGACATmMATACCCCATGGRS:v\CCCC
L L 4ENV
S ¢ E G Q R Y Q 0 G D F V N T P W 5 T P

8790 8820

AGCAGCAGAAAGGGAGAAAGAATTGTACAMCAGCAAMATATGGATGATGTASATCTAGA
A A ERE K EL Y XK Q Q N MDD YV = L D

8850 2880

TOATGATGACCAAGTAGGATTCCCTGTCACACCAAGAGTACCATTAAGACCAATGACATT

O D DQV G F P V T PRV P LRZP Y TTF
PPT 1

8910 54 y3 8940
CAAATTGGCAGTAGATATCTC 1‘CA!TT TATAAAGAMMAMGGGGCACTGCGAASSGCTGTT

K L AV 0N 5 H I X E XK G G L E

L F

8970 2000
HATWWGWCATMKTTWCHATWMWAWA
Y S QR & K r I L DL Y LDIKATF T L Y

9030 9060
CCCWWATMWCMMWG&”
T EF G M XN S G L PESKEUWTEKARTLK

9090 9120
AGC AAGGGGAATACCATTTAGTTAAAAACAGGAACAGCTATACTTGGTCAGGGC AGGAAG
A R G I P F S4YO0ORF

9150 %180
TASCTACTGAGAACAGC TGAGACTGCAGGGACTTTCCAGAAGGGGCTGTAACCAGGASAG

So 1 So 1
9210 9240
GGA(‘_‘* Wcmmcmuccrcmukmnrwmncccm
So1

Ul e—t n 9270 9100
CTToC ATTGTATTCAGTCGCTCTGGCAGAGGL TGGCAGATTGAGCCCTGGGAGG TTCTCT

9310 9360
CCAGCACTAGCAGGTAGAGE CTGCG TG TTCCCTGCTAGACTCTCACCAGTLETTOGC CGG

- 9190 9420
CGC TCLGCACACGGCTCCACGCTTGCTTGCTTAAMACACCTCTCAATAAAGCTGCCAATTA
R 4
9430

GAAGTAAGTTA

Fig. 11 The complete nucleotide sequence of the HIV-2y7y_y vi

The DNA sequence has

the US5-R-gag-pol-middle
acids of all major open reading

translation in amino

been organized and presented as
region-env-3'orf-U3-R. The

i
frames is presented underneath the nucleotide sequence.

51)
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HIV-URTLVUSL 133 [Ptiv QintdlQ Q miv &lal ISt AT L 6 Alw VIKIVIVIE € K{AJFIS » ey -m S{AfL SIE Gla 1
STLY-{l % (Pl-{v Qtali{c MiYIV MEL PRSI RIT L N AW VIXILIV1IE E K{R)FIG A P~ G QjAfL sl GIC L4
N ElAV WP V[t GlaGGHuA[NFRPILITIP AM{G Y T TIwVINTIIIQ T NG L]l W ASQwl G IfL S|V O|C T S
VISNA e Pt VINIQ AGGIGIR|IS wklalvESVYVYFQAQLQT{vIAMAOH|GLIVS DFERQLAYYAT T wW(T S
MIV-HKTLY J(I8) TIVIGIG|{~ Q]AalA m{Q, LR € T{1 M € E AJal€E|w DR[|V VH '.-IAPGOM €E{PIR[G S{O|-i|l A
W
snvdan ClVIGIOtxt QiA{A W{Ql( tin 110 M € € AJAIDiw DIL]R ajr ~-{Pl- - Q QiGlalL afrls|c siog-J1{ A
EIAV. vivPGIQAGIRKQ I L)L Alt NE € AIDJOWDIN|R H PILIPIN AFP(LIVY A P|P GP I[PIMT AR F|IIR
VISKA M”PCNIA“‘[L|QGKLI“‘(‘(RWV:JQN’--'G'nV————————LYV@QEM
\NIV-‘(mV—I".l ElQjI|Giwm T[N NP P | PVIGIETH|T K|R W Ifi]|L]|G L] Ijv R|-(miY|S —{PIT S| L D|¢ R|QIG(PIX E P
sTLv-lt elatviaiwm viniQia ¢+ M - —jGl- —{Y AR w 1{QiL]R Q GV Aj-imiYIN 'lN'lDV(QT’KEP
EIAV ﬂﬂMEPAFDQf - - QTiy A aw I I[€E AMS EIGII K VIM[I GK[P|- K AQN|I AQGIA|K € P
VISNA OAS@ANMDQA R o«ctowvurA@n-svnlnMsnurc@rugvaolxnvlz‘sl
IVAIL A AHH FYyx|T A(QASQE]V(NWMYETllVQNAN'DCKflMKALGP—-—AEYLES M{TIA C
STLY-UL F Y x|Sit ata €1QITIOIA A viKin wm]T TLLTQNAI'DCILVL—KGLGV"D—-—YL(f“l"‘C
EIAV LLSA|K$AGN'0(lsl‘LﬂoYlTlQ“AN(ECR“AM—IN - ~-RPED-|TLEEKMYAC
VISMA LL(A‘DE]'VYO'|KTVLKVYLS'YNASYDCQKQMDRY TRV QGQIA Tlvig € K m AC
lj __] 2 <
HIV-HHTLV-AB) ocvccpch_-__A.v,_
STLV i alGiv GG riGlaixi- -~ — ~ia AJ-
EIAV aoncrrxoxuu““u
VISNA ﬂBVGSE@f(MOLL-—__
HIv-1 (HTLV-i1E) 13 P viQIN|i QMIVH|QA I{SPRTLNAWVKVYVEEK|AIFIS Ple v|i
STLV-II 136 jp v|-lalalt GGNYVH|L[PLSPRTUNAWVKLI EEKKFGAEVVPGFQALSEGCTP
HIV-2Zagp 1% PV-QHVGGNYTHIPLSPRTLNA[TVKLVEEKKFGAEVVPGFQALSEGCTP
HIV-Z1.2 Mlpy QAvia NYTH‘PLSPSG‘TLNAWVKLVEEKKFGAEVVPGFQALSEGCTP

HIV-1 (HTLV-11i8) fgﬁLNTMLN]T’VGG(HQAAMa}WLKT INEEAAEWDIRVIHPIVHAIGP{I APIGQ
YD

STLV-W INaQMLNCVGDHaAAMa T tRDJ1 I NEEAADwoOL[GH Pl-alPlAle| aalcalRrE
HIV-Za00 YOINQMLNCVGDHQAAMQI IREI INEEAAEWDVQHP|-|{I PGPLPAGQLRE
HIV- 24, 7 YD INQMLNCVGDHQAAMQI IREI INEEAAENODV[AHP—|I PGPLPAGQLRE
HIV-1 (HTLV-8Y PRGSDIAGTTSTILQIEQ -~nefeliTevalelt vcrwilifi g dnfk]ifvRmy
STLV-HII PslaspracTrssjvoeat awmy[rRlaanelifpven I YRRW I QL[RlLAKCVRMY
HIV-2400 PRGSOIAGTTSTVEEQIQWMFRPQNPIVIPVGN | YRRWIQ[I|GLQKCVRMY
HIV-Zpgp0 PRGSDIAGTTSTVvEEQlQwMmERPaNPlviPvaun I YRRWIQliIlGLakCcvAmMmY
i
HIV-1 (HTLV-1HB) sfprisitoilslacPkerFRO[YVORFYKT[URAEQASQEVKNWMTIE[T L]I[VaN
STLV-IU ne[iniLoVkaRlpPkePFasYvoRFYKSLRAEQTOAVKNWMTAT L L{i]aN
HIV-2400 NPTNILOIKOGPKEPFQASYVDRFYKSLRAEQTDPAVKNWMTQATLLVAN
HIV 2, NPTNILOINQGPKEPFQASYVORFYKSLRAEQTDPAVKNWMTATLLVAN
" HIV-T (HTLV 1U8) aneockt uklafiGleaalf CEEMWTACAG VGG P GHKARV[L] 363
" et
T STLV-It ANPOCKLVUKGLGVNPTLEEMLTACQGVYGGPGAKAR-L| 363
g HIV-24,0 ANPOCKLVULKGLGMNPTLEEMLTACQGVGGPGAQKAR-L| 384
A HIV-2,,, ANPDCKLVLKGLGMNPTLEEMLT[TICQGVGGPGQKAR- L] 362
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Furly Fig. 12 Comparison of rhe major core proteins of HIV-1,
- T ST v 1 T N
b HIV-2, STLV-11l,.;u, EIAV and VISNA
e
The upper portion of this-figure represents the amino
. . : -7
. acid alipgnment in the major core protelns (p24-26)
of the HTLY-IIIB strain of HIV-1, STLV-1IIlagu.
FETAY and VISHA. The boxed repions indicate amino acids
that are identical amony all four viral gas proteins.
The lower portion of this fijure represents 3 similar
Analvsis of the major core proteins of STLV-TI1T,
Lorh HIV -2 taolares and ifIV-1 (HTLV=-TITH).
B . f\."\-{“-' e __-"‘_-'..-"‘.»\.:\,‘

™ " " AT~ " m Y AT T
R I T N U We (Yl N N ‘-',,\ LM.J_‘»J:\-,‘-{\',,\*.* . \”. -
B N A O S i AR A A A e e

A Y a1




: ENVELOPE: TRANSMEMBRANE PORTION
oy 3, maLiiartviAasarvLl Y Bogme s - evrvie 5 s
v lace \——c-v [ 2 s WM “@Wm}huouéioop
LY t —eCLe—————(—t-Vv-e~ LTy w L SO0
,
!
“ K‘”dh--ov-cu cronaovaciTipydaroamwnn v Ll
[P 2y tﬁ F, L - - I?zvv.
o . 1. 40 i - ~‘ ¢TI NN LEMJoaRvTaLuTLEDOAGLN :
MUY M - A+ vg——c—l-uk Y «— STLY i ga, _::3‘ ) 59522200900 SO I t: ypu—
e€na e«<ne fcn
— n rvreoaviovws g&yo}%ujoxﬁuq T mmeaT Ly w AR R T A vV T v e e Two Two s va y ¢
o Laoo n ' - S-Ama- Y Zeoe - - $4 —t-a RV, WPy
TV Hga - — . v xEE-t-n STUvan, . e - v r-as x—or—
€A
OV de ¢ 1M ~TWT @A---TO  TON T - fno e N-DT-SMARAON-fATAL RS Y Lo & £ANI SO €Of Y
v Taco M SuN-TEAR -8 - -TTT—-PT- ~~DQLQE——-( —PC —a - . Zage o M ,'( ﬂcil YECORLNEWOYF T NW(ODFTEw
stiv 1M OR-GLTIREE-T1-TTAAPTVEAPCARADMYNE-8-C-i—Q- [ [L o - —c—rTaAL ’ ‘-z::::‘
v 2 e pEm !lﬁ'ot(le(u(ov'l-w'llovﬁ--unnq--ltio Lo ) 2 N M YAYIQYGVYVYVGCIVALR
mg_ - M 1 goMnTesa —— bl Tvvve L IVIV:VOULIILIIQVQFV';‘
LY Mg - —a— —I——-l—v—|—-—v———x—|~U;n-—c—-s-o~( SNV e ca “ws s — VIl— Wk —a
20
%
Y L ™ |ﬁv--ﬁ-vsu'(ﬁ::uvwonu-ﬂ . fyyfﬁ PV Loy g M P PG IGO0 IHIHROQEQPARCETEEDYGENCGIRSWP WP ( &
v Zacn - =PRI Y Zaoo ™ "G——n c v
TV W - -U——U—Q—U-——n— ¥ STV ilca m —S—l-,'-on-FAA—l—cl—c—c-(c—.;~—u_g
TERMWNATION
Zeue = sararnfsc tArammeraTETWrarNGT AL <
v Tav a -ﬁ va.ﬁ - - L AR 1% YimE
il pind s s T Gt - " “-;;--llv::—v:-cunlnia_-sr:u';n:ouo-
LY Mg n:—-——u-y——'l-v v iica ™ —— g W F SN ava
v B M O NRTY I YWHORONAT E (SLANFTNLTM RAPGUKTVYLPI Y L% T ™ ALTAtmOW(RLKAA
e - hbdh e - b i At b e
STLY Moy - n v 'Q' v— STUY Hil g o T-mA——fv— T — WSV EM——v—Cw-saT
oz
Y 2o 2 M FMEGFKFNSQ-PYINKRPROA FEGOWK EAMQEVEET L N Dy B A-GRO L wWaA(QA
<
Y Zaoo o MY ——HTQP———a &) ————— v 2., & —ec-c vie 16y YAV?!Q;JQQ.;Q‘L‘ -
STLY MWiga o ——Y -t TOR—& G-a—p—tK Q- LA RV [ -w---—lr---c—.1 i :

Lok = ¥

I AKNPRYKQGMASATIN I KFKAPSAGEOPEVT YWY Ges
orv 2, ™ [ RS TR Bt B3 x A £
STUY Wlpge, M VT TAN—OR—NL T ——~—C . ’

[, 2 o - Y MTwe L uwvERR-~TAa-~Kan-~~nvalplied

- e et 1 /77 /7"9/
My, @ SH————0-evoToAretonan—Y '”IIIIIIIIIII/II”I
[ T ey o ’(" METVTEI 1ANIO A GD--QTNITFRALA

WY 200 L] ’, LIS T T v

STLY W e - A//:/ //,/ ‘.'./,,1 [ WED - Moo G e ¥

OV Qg s ACLYRLELGQOYKLVEITPIGFAPTEVKRYSEA--HKAAKT A MR

Y a0 -~ (X} -G "

ELCE P - t—o TTIGCTS=Nx— &

Fig. 13 Identification of variable and conserved regions in
the envelope proteins of HIV-1 and HIV-2.

This figure represents a comparative analysis of the
envelope proteins of HIV-2n1p-z, HIV-2_.,4 and
STLV-TIITp5oy by amino acid alignment. The left portion
of this figure represents the extracellular envelope
proteins while the right portion contains the trans-
membranc portion of the envelope prot‘oins. The

amino acid sequence of the HIV-2xy1py-7 envelope gene

is reported as a line indicating a pcrfwct match

oy
,:‘_‘:\ in amino acid sequence while the dotted line

:.-:‘ stands for the lack of the amino acid. The boxes
S include regions (ECR: envelope conserved regions)
:.-: which match well and exhibit only conservative

amino acid changes with respect to the HTLV-TIIR
strain of HIV-1. The dotted ovals indicate
highlv conserved cvsteine residues in both HIV=2
fsolates, STLV=T1TT 0y and HIV -] (HTLV-TTIB). The
cmpty o avals indicare evasteine residecs that are
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Amino acid alignment of other viral proteins.

The amino acid sequence of the HIV-2g iy trs,
tat and R presumed proteins io represented in
the top Tine of each pane . The continuous
line represents mat ching aminag acids amony the
viral isolates. The bhoxen inclade reyian:
whiech dre converved in WIV P (HTLV- 1T TIRY,
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Amino acid D ELETIONS REPLICATION &
changes in TRANSMISSION
env (gpal)
Replication Transmission
Construct tat/trs LTR/PPT 3'orf (RT/Cos-1) Molt3 H9
LR 329 © =0 +47 + ++++4+ ++++4 +++
LR 206 -4 +59 + +H+++ (t) +++
X10-1 -5 +15 + +++4++ +++44 +++++
X9-3 <5 +70 + +++4+ (t) (t)
LR 369* -6 +2 + not tested ++ +++
LR 29% =14 +2 + +++44 ++ +4++4
LR 372* -15 +4 + not tested (t) +++
LR 429* -15 +4 + not tested (t) +++
LR 269 =17 +2 + +H++ (t) not tested
LR 306 =22 +2 + not tested - not tested
LR 319 =30 + + not tested - not tested
LR 468* -33 +0 + +++ (t) +4++
LR 362 -37 +18 + +++ - not tested
LR 358 -6 +3 + + ++ (t) -
LR 318 -6 +24 + + ++4+++ (t) not tested
LR 204 -6 +27 + + +++++ (t) not tested
LR 312 -14 +74 + + +H+4+ . - "
LR 192 -17 +11 + + +H++4 - "
LR 189 -41 +0 + + +H+44 - "
LR 274 -42 +2 + + +++4+4 - "
LR 194 -76 +9 + + +++44 - "
LR 360 -87 432 + + + - not tested
LR 327 -117+20 + + + - - "
LR 230 none ? + + +++ not tested
LR 330 none + +4+4+4+4 444+ "
KEY ** Denotes the presence of linkers in the plasmid construct

‘Replication' was assessed as the production of reverse transcriptase in
supernatants taken from cos-1 cells, 6-7 days after transfection. 'Transmission'
was judged by the rise in HIV-1 positive cells among cultures of either HY or Molit3
cells, after coculture with transfected cos-1 cells, 't' denotes transient HIV-1
expression in cultures where no infected cells could be detected by week 4.

+ <.01% expression by week 4

++ >,01-<1% expression by week 4

+++ 1-10% expression by week 4
+++4+/+444+4+ 50-90 % expression by week 4

TABLE 2: Summary of Biological Properties of Deletion Mutants in 3'orf.
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»

CAT ASSAY RESULTS IN T-CELLS (H9) AND HTLV-III INFECTED T-CELLS (H9/I1I)

;RS
ry r 2

20 min, assay 15 hr. assay 15 hr. assay

Plasmid Description H9/III Exp. 2 H9 Exp. 2 H9 Exp. 3

L

SVO Negative Control
Sv2 Positive Control
RSV "

C15CAT HTLV III LTR-CAT
CD12CAT "

VHHCAT "

-65 del. -65 from CAP
-48 del. -48 from CAP

R

Pl

0.
4.
5

)

LA 23 YAV
'n_‘u,‘\’. ".’,"‘.“.l'l"“
v I+ 2Z 1+ 0+

Z I+ Z 1+ 1+ 1+ 4+
o

o

-65e2 5'-3' -105 to -80
-65e5 3'-5' -80 to -104

e

= =
oo

-4869 5'-3' -105 to -80
-48E14 5'-3' -105 to -79
-4868  3'-5' -80 to -104

zZZ Z
(o N w N
1+ 1+ I+

-117 del. -117 from CAP
-117 4 8S del., BglIl to SstI
-117 A S del. 4 bp at Sstl

-

* 7
MO O
~NN
*

*

+ 1+

= I+

o

—
=z
o

B AAahh

Pd
\.'

Table 3. Percent conversion of l4C-chloramphenicol to acetylated metabolites using
lysates of cells transiently transfected with the indicated plasmids. Cells used
were H9, an uninfected T cell line and H9/III cells, the same cell line productively
infected with HTLV 1Il. Transfections were done in triplicate for values showing
standard deviations. Values for single and averages for duplicate transfections are
indicated by one or two asterisks respectively. ND means not done.
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